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EXECUTIVE SUMMARY

Groundfishes, epecidly flatfishes, are of great economic importance to Alaskan commercial
and sport fisheries, yet knowledge of the juvenile stages of these fishes is often incomplete.
Thorough knowledge of species life history, biology and habitat requirements is necessary to
asess potentid environmenta impeacts, to asss in grategic planning by fisheries managers,
members of the fishing community and industrid developers. Qudity and quantity of nursery
habitat are probably the most vitd factors determining surviva of juvenile fishes (Gibson, 1994);
thusit is essentia that nursery areas be identified.

Objectives of this project were (1) to identify nursery grounds for juvenile flatfishes in
Kachemak Bay, lower Cook Inlet, and Chiniak Bay, Kodiak Idand (Figure I-1), (2) to
characterize those areas according to physical and biologica parameters and (3) to develop
indices of relative abundance for as many species as the data alow, on a seasond basis for
Kachemak Bay, and an annud basis for Chiniak Bay. To meet these objectives, seasond (winter,
Soring and summer) surveys of juvenile groundfishes were conducted in Kachemak Bay from
199 to 1996, and annud summer collections of juvenile groundfishes in Chiniak Bay, begun in
1991, were continued during 1995 and 1996. At each collection site, aconductivity—temperature—
depth probe, sediment grab and net were deployed. Fishes were collected using a 3.05 m plumb
daff beam trawl equipped with a double tickler chain 7 mm square mesh bag and 4 mm codend
liner. Fishes were identified and measured, and ages of flatfishes were estimated based on tota
length. Catch-per-unit-effort values (CPUE) were calculated for each species based on the
number of fish per 1000 m” area swept. These values were examined rddive to the physical
habitat of capture. Measured physical parameters included depth, bottom temperature and salinity,
sediment grain Size, organic carbon and carbonate in the sediment, and tempord relation of the
fish collection to sunrise and tidal stage.

Sampling three times a year over two years in Kachemak Bay provided ingght into short term
interannua and seasond variability, and alowed habitat parameters of juvenile flafishes to be
quantified in alocation separate from Kodiak 1dand. Collections in Kachemak Bay were taken
during September 1994, May and August 1995, and February, May and August 1996. Juvenile
flathead sole, Hippoglossoides elassodon, and rock sole, Pleuronectes bilineatus, were the most
abundant flatfishes, composing 65-85% of al flatfishes captured during any period. Y ear-round
habitat of age-0 flathead sole was primarily from 40 to 60 m, and habitat of age-| flathead sole
was primarily from 40 to 80 m. Summer habitat of ages-0 and 1 rock sole was from 10 to 30 m,
and in winter age-0 rock sole moved offshore to sites as deep as 150 m. Both age classes of
flathead sole were most abundant on mixed mud sediments, while age-l were dso in high
abundance on muddy sand sediments. Ages-O and 1 rock sole were most abundant on sand,
though age-l were aso found on a variety of sediments finer and coarser-grained than sand. Thus,
juvenile flathead sole and rock sole had distinctive depth and sediment habitats. When habitat
overlap occurred between the species, it was primarily when rock sole moved offshore in the
winter.

Seasond and interannua bottom water temperatures and sdinities in Kachemak Bay from
September 1994 to August 1996 were not correlated with seasona distribution and abundance of
flathead sole and rock sole. The incluson of temperature did not improve the definition of habitat
for these species from distribution models based solely on depth and sediment. The results
indicated that biological factors such as food quality or quantity, which were not measured in this
study, may be more important than temperature for growth of flathead sole and rock sole in
Kachemak Bay.



During six years of August sampling in Chiniak Bay (199 I-I 996), we examined the precision
of sampling design methods for estimating the digtribution and abundance of four species of
juvenile flatfishes. Often, fish abundance varies over space and time in response to environmenta
conditions (Reichert and van der Veer, 1991; Jager et d., 1993; Keefe and Able, 1994; Norcross
et a., 1995, 1997). Until recently, few studies have been directed toward defining fish habitat or
using habitat preference to help decrease the variability in abundance estimation (Scott, 1995).
The present study investigated the use of habitat (defined here by depth and sediment) in survey
design and analysis for the assessment of abundance of four particular species, i.e., flathead sole,
Pacific haibut (Hippoglossus stenolepis), yellowfin sole (Pleuronectes asper) and rock sole. The
survey design and andysis addressed common questions related to trawl surveys, and are thus of
generd interest and application. The first four years (199 1-1994) determined that nursery
grounds of juvenile flatfishes near Kodiak Idand were defined primarily by depth, substrate and
temperature (Norcross et a., 1995, 1997). Based upon 1991-1994 data, the 1995 survey was
dratified by depth and substrate, with equal sample size per stratum, to estimate variability in fish
abundance and cost of towing among Strata. Temperature was not included in the 1995 or 1996
survey designs as this parameter could be determined only after sampling was completed.

Sampling in 1996 was again stratified by depth and substrate, but sample alocation was based on the
cost of towing and the variability in species abundance, as determined from 1995 sampling.
Stratification by habitat parameters increased the precision of abundance estimates for age-0 flathead
sole, age-0 rock sole, age-l yellowfin sole and age-0 Pacific halibut. Setting up monitoring strata for
each species in regions on the outskirts of each species’ center of abundance did not provide more
precise or reliable interannual monitoring estimates than stratification by habitat parameters over all
regions.

Interannual variation in relative abundance over six yearsin Chiniak Bay was assessed for
each gpecies using three types of indices. Each index comprised the annual CPUE averaged over a
particular st of tows. The difference among the indices was the sdection of trawl dtes that were
averaged to produce the numerica index. The first index was the mean CPUE over nine Stes that
were sampled al six years (fixed site index). The second index was the mean CPUE over al sites
sampled during the year (al Ste index). The third index was the mean CPUE in regions of
“preferred” or occupied habitat (habitat index). The fixed Ste index did not reved significant
differences in abundance among years for any of the four species. This index served as a vauable
reference for confirming apparent trends in abundance without the possible confounding effect of
regional sampling bias. The dl ste index showed the most significant changes in abundance for
rock sole and Pacific halibut, the species with the widest distribution (i.e., the least number of
zero catches). Rock sole had an oscillating pattern of recruitment with abundances that were
sgnificantly higher in 1992 and 1994 than in the two least abundant years, 199 1 and 1993. Pecific
haibut increased in abundance through time, with abundances that were significantly higher in
1994 and 1995 than in 199 1 or 1993. Flathead sole, which occurred in high abundance with an
aggregated distribution, exhibited significant changes in annual abundance in the habitat index.
According to thisindex, flathead sole had sgnificantly greater abundance in 1993 than in 1991,
1995 or 1996. None of the three indices reveded sgnificant changes in abundance for yellowfin
sole, which occurred in low abundance with an aggr egated distribution. All three indices exhibited
an apparent decrease in yellowfin sole abundance over the six-year collection period.

Comparisons of the groundfish community compostions and abundances from collections in
Kachemak and Chiniak Bays during August 1995 and August 1996 were related to physica data
Fish species compogition between the two regions was amilar, but there were sgnificant
differences in abundance. Depth was the most important factor governing distribution and
abundance of groundfishes in these two locations. The species were divided into shallow-water
and deep-water groupings. The shalow-water group (13-28 m Chiniak Bay; 26-56 min
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Kachemak Bay) included rock sole, walleye pollock (Theragra chalcogramma), Pacific halibut,
Myoxocephalus spp | Pacific cod (Gadus macrocephalus), yellowfin sole, Gymnocanthus spp.,
sturgeon poacher (Podothecus acipenserinus), snake prickleback (Lumpenus sagiffa) and
sawback poacher (Sarritor frenatus). The shallow-water group, with the exception of sawback
poacher, was found in higher numbers at Chiniak Bay. The deep-water group (44—60 m in
Chiniak Bay; 57-86 m Kachemak Bay) included spinycheek starsnout (Bathyagonus
infraspinata), shortfin eelpout (Lycodes brevipes), slim sculpin (Radulinus asprellus), spinyhead
sculpin (Dasycottus setiger), and rex sole (Errex zachirus). The deep-water group was in higher
or equal abundance in Kachemak Bay than in Chiniak Bay. Arrowtooth flounder (4therestes
stomias) was found at intermediate depths (37 min Chiniak; 57 m in Kachemak) with higher
abundancesin Chimak Bay. Other species with similar rlative abundances in both locations
included (lathead sole, slender eelblenny (Lumpenus fabricii), daubed shanny (Lumperus
maculatus), snailfishes (Liparidideg), Dover sole (Microstomus pacificus), Triglops spp., stout
edblenny (Lumpenus medius), and saffron cod (Eleginus gracilis). We concluded that physical
factors affect the digtribution and abundance of the juvenile groundfish species studied in these
two locations. When physical parameters (i.e., depth; temperature; sdinity; percents gravel, sand,
mud, organic matter and carbonate) are included as covariates in a MANOVA, mogt differences
in species abundance between locations were diminated.

Stomach contents of five species of juvenile fletfish, i.e, arrowtooth flounder, flathead sole,
Pecific hdibut, yellowfin sole and rock sole, dong with concurrently collected benthic fauna, were
examined from one site of the Kachemak Bay September 1994 cruise. Arrowtooth flounder
(N=15) consumed mysids, shrimps and rock sole. Flathead sole (N = 1) consumed only bivaves
and Pacific halibut (N = 11) ate shrimps. Yelow-fin sole (N = 35) consumed hivalves, polychaete
worms and brittle stars. Rock sole (N = 4) ate bivaves and amphipods. Different bivalve species
were consumed by different flatfishes. Bivalvia was the dominant taxon in the benthos in terms of
numbers, biomass and proportional importance. The benthos also contained gastropods,
polychaetes and crustaceans. These preliminary data indicated that the diets of most flatfishes
were dissmilar to the available infauna. However, these data are of liited gpplication and should
be applied with caution, asthey are from a single collection.

This study provides baseline knowledge about the habitat requirements, seasond variability
and interannual variability of juvenile groundfish species in Southcentral Alaska, and establishes
Chiniak and Kachemak Bays as important nursery aress for juvenile groundfishes (especially
flatfishes). Such basdline knowledge is essentid for the assessment of potential damage to
flatfishes from habitat dteration.



ABSTRACT

Seasond and interannua abundance and didtribution of juvenile groundfishes were addressed
through studiesin Chiniak Bay, Kodiak Idand, and Kachemak Bay, lower Cook Inlet. Sampling
three times a year over two years (1994-1996) in Kachemak Bay provided indgght into short term
interannual variability and seasond variability. Physical habitat parameters of the two most
abundant flatfishes in Kachemak Bay, flathead sole (Hippoglossoides elassodon) and rock sole
(Pleuronectes bilineatus), were quantified in alocation separate from Kodiak Island. August
sampling was conducted for Six years (199 I-1 996) in Chiniak Bay. The first four years located
and defined nursery grounds of juvenile flatfishes and provided the background necessary to
design and test new sampling designs for abundance estimation. During 1995-1996, we used
stepwise sampling strategies designed to increase the precision of abundance estimates. The
interannual variability of the four most abundant flatfishes in Chiniak Bay, flathead sole, Pacific
halibut (Hippoglossus stenolepis), yellowfin sole (Pleuronectes asper) and rock sole, was assessed
over Sx years. For the two periods that Kachemak and Chiniak Bays were sampled
smultaneoudy (August 1995 and August 1996), the groundfish community composition,
distribution and abundance were compared. Depth was the most important factor related to
digtribution and abundance of groundfishes in these two locations. The taxonomic compositions
of benthic invertebrates and flatfish diets were contrasted at one Site in Kachemak Bay.
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INTRODUCTION

Identification of problem

Information on the habitat, life history and biology of individua species of fish is hecessary in
order to assess potentid environmental impacts on fish stocks, to dlow for more effective and
timely management of fisheries by regulatory agencies and to assst with srategic planning by the
fishing community and industria developers, Groundfishes are of greet economic importance t0
Alaskan commercid and sport fisheries, yet knowledge of the juvenile stages of thelr life histories,
epecidly for flatfishes, is incomplete. Juvenile recruitment variability is a mgor cause of
fluctuations in adult populations of fishes (Sissenwine, 1984; Houde, 1987). The identification of
factors affecting surviva of larva (van der Veer, 1986) and juvenile (Maloy and Targett, 1991)
flatfishes is crucia to forecast the number of individuals of a specific year class which will survive to
attain sexua maturity and join the reproductive population. Quality and quantity of nursery habitat is
probably the mogt vitd factor determining overdl levels of recruitment of juvenile fishes (Gibson,
1994). Nursery habitat can be characterized by physica parameters including depth, sediment
type, position in bay, temperature and salinity, and aso by biologica parameters such as food
availability. It is essentid that nursery areas be identified and protected againgt habitat disruption
and that they be preserved to maintain the integrity of present fish stocks (Zijlstra, 1972; Gibson,
1994).

Background information on flatfishes, including preferred conditions
of nursery areas

Populations of thirteen Alaskan species of flatfishes are found in the Gulf of Alaska near
Kodiak Idand (Rogers et d., 1986; Norcross et d., 1993, 1994). Thisis an unusudly large
number of flatfish species to be found concurrently. Pacific hdibut (Hippoglossus stenolepis) is a
prime target for the sports fishery. Commercid fisheries target rex sole (Errex zachirus), flathead
sole (Hippoglossoides elassodon), Pacific halibut, Dover sole (Microstomus pacificus), yelow-fin
sole (Pleuronectes asper) and rock sole (Pleuronectes bilineatus). Directed fisheries adso exist for
darry flounder (Platichthys stellatus) and English sole (Pleuronectes vetulus). By-catch includes
butter sole (Pleuronectes isolepis), Alaska plaice (Pleuronectes quadrituberculatus) and sand sole
(Psettichthys melanostictus) which are marketed secondarily. There is currently an attempt to
develop a fishery for arrowtooth flounder (Atheresthes stomias) to be used in surimi. Additionaly,
Pacific sanddab (Citharichthys sordidus) has occasionally been captured near Kodiak (Norcross
g d., 199).

Flatfishes are bilaterally symmetrical during the pelagic larva stage. Near the end of the larval
stage, one eye migrates over the top of the head so that both eyes are on one side of the fish.
Fallowing this metamorphogs, flatfishes begin a behaviord trangtion from the larvd pdagic
lifestyle to the demersdl lifestyle they exhibit as juveniles and adults.

Many juvenile fishes follow predictable patterns of digtribution within nursery aress. Intertidal
zones, shallow coastd areas, protected bays and estuaries are vita as nursery areas for flatfishes
(e.g., Tyler, 1971; Gibson, 1973; van der Veer and Bergman, 1986; Tanaka et d., 1989). Initid
Seitlement, abundance and Sze distributions of juvenile flatfishes are related to depth, temperature
(Gadomski and Caddell, 1991), sediment size and food availability. Initid settlement of flatfishes is
aso related to current velocity and sdinity (Marliave, 1977). Flatfish nurseries are usudly in
shdlow waters, often in less than 10 m (Edwards and Steele, 1968; Allen, 1988; van der Veer et
al., 1991), on substrates of silt, mud and fine to coarse sand (Poxton et al., 1982; Wyanski, 1990).
Bays and estuaries are thought to serve as excedlent nursery areas and ided feeding habitat

I-5



because of high insolation of the bottom, high water temperatures and the sediment typcs found in
protected waters (Pearcy and Myers, 1974), in addition to the good supply of nutrients from land
drainage (Pihl and Rosenberg, 1982). A dominant substrate of gravel or coarser materias reduces
the suitability of an area to serve as a nursary (Rogers, 1985). Burying ability of juvenile flatfishes
probably depends on severa factors associated with sediment, such as grain size, particle
compacting, cohesion and binding by activity of benthic fauna (Gibson and Robb, 1992).

The generdly accepted rationdle for juvenile flatfishes to inhabit a nursery area includes
escape from predation, increased cover and food availability, and decreased intraspecific food
competition (Toole, 1980; de Ben et al., 1990; Minami and Tanaka, 1992). A nursery may be
partitioned into areas dominated by separate species or by intraspecific age groups (Edwards and
Stedle, 1968; Harris and Hartt, 1977; Smith et d., 1976; Zhang, 1988). Depth distribution
changes with age, and may limit intraspecific and interspecific competition among flatfishes
(Poxton et a., 1983). The positive corrdation between mean length of fish and depth is significant
for some species (Gibson, 1973). Large quantities of juvenile rock sole were taken by Harris and
Hartt (1977) intertiddly in the Kodiak area, with older individuas taken near the mouths of
fjords. A reversd of thistrend was exhibited by flathead sole; the largest of these fish were found
toward the heads of Kodiak bays (Blackburn, 1979). Competitive fish species may also reduce
range overlap by mantaining locdized feeding territories. Intraspecific and interspecific diet
diversity between groups of juvenile flatfishes near Kodiak is higher when the flatfish groups
coexig a high abundances than when they coexigt with low abundances (Holladay and Norcross,
1995h).

Recent modds of juvenile flatfish presence and abundance near Kodiak (Norcross et al.,

1995, 1997) and western Shelikof Strait, Alaska Peninsula (INOIcross et al., in review) describe
flatfish distribution based on environmental parameters (Table I-1). Depth and subdtrate are the
main physicd parameters defining modeed flatfish nursery areas (Norcross et a., 1995, 1997).
Additionad parameters examined by Norcross € d. (in review) include temperature, sdinity,
distance from the mouth of a bay, distance from shore and amount of enclosure of a bay.
Although distributions of the most abundant flatfish species overlap, patterns of pesk abundance
are unique to each species.

The objectives of this gudy were

(1) To identify nursery grounds for juvenile flatfishes around Kodigk Idand and in Kachemak
Bay (Appendix II-1).

(2) To characterize those areas according to physicd and biologica parameters (physica
characterizations of habitat nursery aress are presented in Chapters 1, 2, 3 and 4; biologica
characterizations of habitat are presented in Chapter 5).

(3) Todevelopindices of relative abundance for as many species as the data alow, on a seasond
basis for Kachemak Bay, and an annud basis for Chiniak Bay (Chaptersl, 2, 3 and 4).

To accomplish the objectives our main taks were

(1) To sample juvenile flatfishes and measure associated physical parameters in Kachemak Bay

over three oceanographic seasons i.e., summer, winter and spring (1994-1996),
(2) To monitor juvenile flatfish distribution, abundance and associatcd physical paramcters at

index sitesin Chiniak Bay, Kodiak Idand, during August 1995 and August 1996,

(3) To conduct graphical and datigticd andyses of abundance and digtribution of juvenile
flatfishes in Kachemak (1994-1996) and Chiniak Bays (199 I-I 996) with respect to physica
variables of location within the bay, distance from shore, depth, substrate, temperature and
sdinity, and atempora component of season in Kachemak Bay and year in Chiniak Bay,



(4) To compare August specics composition, abundancc and distribution of juvenile flatfishes in
Kachemak Bay with those of juvenile flafishesin Chiniak Bay, Kodiak,

(5) To andyze somach contents of the most abundant flatfishes,

(6) To conduct graphical and dtatistical analysis of stomach contents with respect to physica
variables and benthic composition.

METHODS

The generd collection and sample processing procedures for al collections in Southcentral
Alaska (Figure I-l) are given here. Methods of analyses for specific study components are
detailed in following chapters. Six collections in Kachemak Bay (Figure 1-2) and six collections in
Chiniak Bay (Figure 1-3) were the basis for this find report. Additiondly, Izhut Bay, southern
Afognak Idand (Figure 1-4) was examined once and the results are presented in a cruise report
(Appendix 11-1) Dates, gear and samples collected for the current research are summarized
(Table 1-2). Specific collection procedures for cruises conducted in Chiniak Bay during 199 1
through 1994 are detailed elsewhere (Norcross et al., 1993, 1994, 1996). Detailed reports of the
field collections, methods and samples collected during 1994-1996 in Kachemak Bay, 1995-1996
in Chiniak Bay and 1995 in Izhut Bay are presented here (Appendix 11- 1). Collection and
processng methods were smilar for dl locations and dl cruises. All cruises were conducted
during daylight hours. The gear deployed at each Ste included a trawl net, sediment grab and
CTD (conductivity—temperature—depth recorder).

Fishes were sampled using a plumb staff beam trawl with a double tickler chain adapted from
adesign by Gunderson and Ellis (1986) via the addition of floats to the ends of the beam and 150
mm lengths of chain knotted to the footrope a 150 mm intervals. The very smdl net mesh (7 mm
square) and codend liner (4 mm) retains flatfishes as small as 12 mm (Norcross et. al , 1993)
Collections utilized either a 3.05 m or 3.66 m beam (Table I-2). The effective width of thetow is
0.74 multiplied by beam length (Gunderson and Ellis, 1986), i.e., 2.257 m for the 3.05 m beam
and 2707 for the 3.66 m beam. The ratio of towing line to site depth was approximately 8: 1 at
sites less than 10 m, 5: 1 for depths 10-50 m and 3 : 1 a depths greater than 50 m. We endeavored
to tow as dowly as possible (approximately 0.5-2.0 kts). Tow duration was usualy 10 minutes.
Tow time was reduced to 5 minutes where the bottom was excessively muddy. Reducing tow
time expedited sorting and maximized catch ratios, snce towing with a clogged net reduced
fishing efficiency. Tow start and stop positions were recorded usng globa postioning system
(GPS). These positions were used to calculate towing distance (1994-1996); distances towed in
1991-1993 were estimated as detailed later in this report. Minimum, maximum and predominant
depths were recorded for each tow as read from the vessel fathometer

Fishes sampled by the trawl were identified, counted and totd length (mm) was measured in
the fidd, generdly with the use of a Limnoterra digita fish measuring board (FMBIV, accuracy *
1 mm). From collections in Kachemak Bay, a subsample of flatfishes < 200 mm was retained
frozen for gut content anaysis.

Fish counts were standardized to catch-per-unit-effort (CPUE) for a swept area of 1000 m?,
based on length and width of tow as described above. Ages of flatfishes were estimated separately
for each cruise, usng (1) totd length/frequency plots of fishes produced for each cruise, (2) tota
length/frequency plots of fishes collected previously in the Kodiak Archipelago (Norcross et al.,
1993, 1995, 1996), (3) andysis of regiond differences in tota lengths of fishes caught during
August 1991 (Norcross et d., 1995) and (4) additional literature references (e.g., Hart, 1980).
Flatfish ages could accurately be assigned as 0, 1 and >2 using this method. Without otolith aging,
more precise estimation of ages of larger flatfish was not possible.
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Substrate was collected using a0.06 m® Ponar grab. Generally, one substrate sample was
taken at each site. Substrate was retained frozen and shipped to Fairbanks. The proportional
weights of the gravel, sand and mud fractions were obtained for all substrate samples collected
using awet and dry sieving technique (Appendix 11-2). The Wentworth grade scale (Sheppard,

1 973) defined grain sizes of boulder, cobble, gravel (pebble + granule), sand and mud (silt + clay).
Sediment samples were seved to determine relative percent at each Phi leve of gravel and sand;
the mud fraction was not partitioned into Phi levels. Results of grain size andyses were
c..ategorized after Folk (1980) (Table I-3). We employed Folk’s classfications with the following
exceptions. Folk’s classifications of (g)sM and (g)mS (meaning less than 5% gravel) were
incorporated within the categories of sM and mS for our andyss. Additiondly, subgtrates larger
than Folk had anayzed (i.e., containing cobble or boulder) were classfied visudly according to
the Wentworth scale (Sheppard, 1973). In certain andyses, modifications were made to these
classfications, exceptions are noted in text where applicable. Percentages of organic matter and
¢ arbonate present in the sediment were obtained separately for the gravel, sand and mud portions
using the generdly accepted method of two-gtep ignition loss in a muffle furnace (Appendix 11-2).
Percent organic matter was caculated as weight loss on ignition at 500°C and percent carbonate
was calculated as weight loss on ignition at 850°C divided by 0.44 (Dean, 1974).

A sngle verticd profile of sdinity and temperature was recorded at each dte with a portable
Sea-Bird Seacat Profiler 19 Conductivity Temperature Depth profiler (CTD). This indrument is a
self-contained unit which does not have a real-time readout, and the data were dumped
periodicaly to a portable computer. The CTD was dlowed to equilibrate for two minutesat 1 m
c.epth and was then deployed until the 4 kg weight fastened below the sensors touched bottom.
The CTD recorded tempcraturc, depth and salinity at half second intervals. Data were late:
cownloaded and processed with SeaSoft CTD software (Sea-Bird Electronics, 1992). For al
Sites, data collected during the 2 minute temperature equilibration of the CTD were omitted to
avoid erretic temperature and sdinity spikes. Raw data from the down cast of the CTD were
averaged a 0.1 mintervas for Sites<10 m depth and a 0.5 m intervals for deeper sites. Bottom
t emperature and salinity values were used for fish distribution analysis, as this project focused on
groundfishes. In Kachemak Bay, verticd profiles of temperature and sainity were examined
seasonally.

Ilustra was used for database management of all collections (lllustra Information
‘Technologies, 1995). Selected data are presented here (Appendices |1-1, II-4, II-5, and I1-6).
Tables in the database include information about the cruise, collection ste (e.g., date, time, types
of gear used and data collected, depth), CTD profile, sediment, fish counts, fish CPUE and data
collected from individud fish (eg., length, age), etc.



Chapter 1. Depth and substrate as determinants of distribution of

juvenile flathead sole (Hippoglossoides elassodon) and rock sole
(Pleuronectes bilineatus)

by Alisa A. Abookire and BrendalL.Norcross

published in Journal of Sea Research and printed in this report with the journal’s
express permission (Appendix 11-3)

Abstract

Three transects in Kachemak Bay, Alaska, were sampled in September 1994, May and
August 1995, and February, May, and August 1996. Juvenile flathead sole, Hippoglossoides
elassodon, and rock sole, Pleuronectes bilineatus, were the most abundant flatfishes, comprising
65-85% of al flatfishes captured at any period. Collections of fish and sediments were made a
regular depth contour intervals of 10 meters. Habitat distribution was described by depth at 10 m
imncrements and sediment percent weights of gravel, sand, and mud. Year-round habitat of flathead
sole age-0 was primarily from 40 m to 60 m, and age-| habitat was primarily from 40 m to 80 m.
Summer habitat of rock sole ages-0 and 1 was from 10 m to 30 m, and in winter they moved
offshore to depths up to 150 m. Both age classes of flathead sole were most abundant on mixed
mud sediments, while age-l were dso in high abundance on muddy sand sediments. Rock sole
ages-0 and 1 were mogt abundant on sand, though age-l were adso found on a variety of
sediments both finer and coarser grained than sand. Flathead sole and rock sole had digtinctive
depth and sediment habitats. When habitat overlap occurred between the species, it was most
often due to rock sole moving offshore in the winter. Abundances were not significantly different
among seasons for agel flatfishes.

1. | Introduction

Commercidly targeted flatfish speciesin Alaska are Pecific hdibut (Hippoglossus stenolepis),
arrowtooth flounder (Atheresthes stomias), flathead sole (Hippoglossoides elassodon), rock sole
(Pleuronectes bilineatus), rex sole (Errex zachirus), Dover sole (Microstomus pacificus),
ydlowfin sole (Pleuronectes asper), and starry flounder (Platichthys stellatus). In North Pecific
federa waters the flatfish fisheries are divided into 5 groups. arrowtooth flounder, flathead sole,
deep-water flatfish, rex sole, and shallow-water flatfish (including rock sole) with primary targets
on rock, rex, and Dover sole (NPFMC, 1995). In 1995 the total value of flathead sole and rock
sole commercial fisheries outside the three mile limit was 14 million and 53 million dollars
respectively (Bret Fried, Alaska Department of Revenue, Juneau, Alaska, pers. comm). If we are
to insure accurate estimates of recruitment to the fishery, we must be informed about juvenile
populations and their nursery grounds. Once species specific nursery habitats are defined, it will
be possible to monitor how changes in habitat might affect the juveniles of flatfish stocks,
potentidly causing variation in recruitment to the fishery. Specificadly, ail spills threaten the
nursery habitat qudity, as close interaction with the sediment exposes flatfishes to oil (Moleset dl.,
1994, Moles and Norcross, 1995).

Sediment grain si has an important influence on the distribution of flatfishes; individua species
can distinguish between and actively select sediments based on grain size (Gibson and Robb, 1992;
Walsh, 1992; Gibson, 1994; Moles and Norcross, 1995). Flatfishes have demonstrated strong
preferences for specific grain sizes both in laboratory experiments which controlled for food and depth
and in field studies. For example, in the laboratory, rock sole prefer sand, yellowfin sole prefer mixed
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mud/sand and Pacific halibut prefer mud/sand or sand (Moles and Norcross, 1995) and will remain on
favored sediment even when that sediment is polluted with oil and an unoiled, less favored grain size is
available (Moles et d., 1994). Additionaly, field studies support the hypothesis that sediments can
define flatfish habitat. In the North Sea, sandy flats are more densely populated with plaice

( Pleuronectes platessa) than muddy areas (Berghahn, 1986, Pihl and van der Veer, 1992). Within the
Iish Sea, homogeneous fine-grained sediment is an important determinant of juvenile sole (Solea
solea) digtribution, with availability of prey aso playing an important role (Rogers, 1992).

Sediment selection by different age-0 flatfishes within a single nursery ground is species specific,
and sediment preference is determined by more than matching the size of the fish with the grain size of
1 he sediment (Moles and Norcross, 1995). Preference of substrate may be related to the ahility of a fish
10 bury effectively, which is dependent on grain and fish size (Tanda, 1990). Flatfishes bury in
sediment for protection from predation (Tanda, 1990; Burke et al, 1991; Rogers, 1992; Gibson,
1994) and strategic feeding (Gibson and Robb, 1992; Rogers, 1992). Sediment gram size has been
related to distribution, abundance, and composition of juvenile flatfish prey (Pearcy, 1978; Fres et d.,
1983; Holladay and Norcross, 1995a). However, sediments do exist that have low densities or absence
of flatfishes that select that particular sediment (Rogers, 1992), suggesting the complexity of habitats
within nursery grounds. Additionaly, hydrodynamics of the region and benthic organisms are related to
sediment characteristics and probably affect juvenile fladish distribution (Pearcy, 1978; Gibson and
Robb, 1992, Rogers, 1992).

Water depth directly influences habitat structure in the coastal areas which potentialy serve as
nursery grounds, and also plays an important role in determining the distribution of juvenile flatfishes
Rogers, 1992, Gibson, 1994; Norcross e d., 1995). Benthic community structure and composition
‘Pearcy, 1978) and diet (Holladay and Norcross, 1995a) have been r-elated to depth. Water depth
s one of the most important determinants of juvenile flatfish distribution, as shallow nursery grounds
‘generally provide appropriate substrate, higher temperatures, lower predation risk and abundant food
‘Minami and Tanaka, 1992; Gibson, 1994). In bays around Kodiak Idand, Alaska, rock sole age-0 are
found predominantly at depths less than or equal to 50 m on sand or mud/sand substrate, and age-0
Aathead sole are found predominantly at depths greater than 40 m on mud or mixed mud substrates
‘Norcross € d., 199).

Lower Cook Inlet is a productive estuary which supports many commercial and sport fisheries;
nowever, the limited research on flatfishes in this region has focused on adults (Bechtol and Yuen,
1995). Kachemak Bay islocated in eastern lower Cook Inlet, and it is partialy divided into inner
and outer regions by Homer Spit (Figure 1-5). The sediment distribution in Kachemak Bay is a
result of circulation patterns which are dominated by two large gyres in the outer bay (Trasky et
d., 1977). This study provides the first information about the role of lower Cook Inlet and specificaly
Kachemak Bay as a nursery ground for juvenile flatfishes. While we recognize there are other factors
that might affect habitat of juvenile flatfishes, the objectives of this study are (1) to define year-round
juvenile flathead sole and rock sole nursery areas by depth and sediment, and (2) to compare variability
in abundances of flathead sole and rock sole during two springs and three summers.

7.2 Materials and methods

A pilot study to investigate the potential of Kachemak Bay as flatfish nursery grounds was
conducted from September 24 to 3 0, 1994; at that time 16 stations were sampled. Three transects were

established from May 3 to 11, 1995, when 19 stations were sampled. These initia stations were
incorporated into a total of 41 permanent stations in Kachemak Bay, Alaska (Figure 1-5) which were
sampled from August 1 to 9, 1995, and February 24 to March 3, May 21 to 3 1, and August 7 to 17,
1996. These sampling periods represented oceanographic spring (May), summer (August and
September), and winter (February). The three transects were chosen based on distributions and
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highest abundances of flatfishes from our September 1994 pilot study. The 41 permanent stations
were located a 10 + 2 m depth increments on each transect on a gradualy doping bottom where
depth intervas could be clearly defined. (Figure I-5). The first transect extended 7 km from the
head of Kasitsna Bay (KS) with stations at depths 10, 20, 30, 40, 60, 80, and 100 m (Figure I-5).
Due to steep bottom topography, we were unable to sample at 50, 70, or 90 m. The second
transect extended 13 km across outer Kachemak Bay from McDonad Spit to Bluff Point (MC-
BP) with dations a depths MC: 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, and BP:. 90, 80, 70,
60, 50, 40, and 30 m (Figure |-5). Stations a BP20 and BP10 were not permanent stations due to
extensve gear damage from boulders and rocks. The third transect extended 9.5 km across inner
Kachemak Bay from China Poot Bay to east of Homer Spit (CP-HS) with stations & depths CP:
5, 10, 60, 80, 100, 150, and HS: 100, 90, 8o, 70, 60, 50, 40, 30, 20, and 10 m (Figure 1-5).
Stations off China Poot Bay could not be sampled in depth increments of 10 m due to extremey
steep dope. Due to the limited number of stations sampled in September 1994 and May 1995,
maximum depth sampled during those periods was 70 m and 110 m, respectively.

All sampling took place from a 9.3 m aluminum Munsen skiff. Samples of fishes, vertical CTD
(conductivity, temperature and depth) data, and substrate were collected from all stations. Standard
tow duration was ten minutes. Minutes after high tide and minutes after sunrise were recorded at
each tow. Globa Positioning System (GPS) was used to determine towing distance, and a
fathometer measured station depth. A 3.05 m plumbstaff’ beam trawl equipped with a double
tickler chain (Gunderson and Ellis, 1986) was towed at dl stations. The net body had 7 mm
sguare mesh size with a4 mm mesh codend liner. Towing direction concurred with the direction
of thetide. All fishes were identified to species (Robins et d., 1991), counted and measured to the
nearest mm tota length.

Sediment was collected at each Station at the start of tow position with a 0.06 m3 Ponar grab
which sampled the top 3-7 cm of the sediment. Samples were frozen and returned to Fairbanks
for grain size analysis using a seve/pipette procedure (Folk, 1980) which determined percentage
of gravel, sand and mud following the Wentworth scale (Sheppard, 1973).

Fish data were standardized based on distance towed rather than time, as the distance towed
in 10 minutes varied with sediment type and tide stage. The area towed was ca culated as the
effective width of net, 0.74 (Gunderson and Ellis, 1986) multiplied by the width of our trawl beam
(3.05 m), multiplied by distance towed. Fish data were standardized to catch per unit effort
(CPUE) for an area of 1000 m* Ages of flathead sole and rock sole were estimated based on length-
frequency plots using 1 April as a birthdate (Appendix II-4).

Statigtica andyses were performed on a combined data set containing data from al six
cruises. As a dimenson reduction technique, canonica discriminant andlysis was used to examine
presence/absence of juvenile flathead and rock sole with depth, percent sand, percent mud,
temperature, salinity, tide stage, and minutes of daylight using SAS software, version G. 11 (SAS
Ingtitute Inc., 1996). A separate analysis was done for each age-class of each species. Linear
combinations of the origina variables were derived to produce canonica variables that summarize
between-class variaion in the data. The origina variables were then corrdated with the canonical
variables to produce canonica corrdation components, with the first canonical correlaion
accounting for the maxima multiple corrdation. The (+) or (-) Sign of the canonica coefficient
within the canonical correlation resulted from the frequency and weight of presence and absence in the
data. The two highest canonical coefficients were chosen from the first canonical correlation to account
for presence/absence of flathead sole and rock sole.

Clugter andlysis of stations by percent sand and mud using Euclidean distance and the average
linkage method was performed using SAS. Sediment samples were not averaged over years for
each gation. Rather, each station was independently clustered based on the sediment grain size
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collected at the start of each tow. Cluster numbers were replaced with a sediment code modified
from Folk's (1980) scheme.

Analysis of variance (ANOVA) followed by Bonferroni multiple comparison tests were performed
a 0.05 apha level using SAS. One factor ANOVAs by year were used to test for interannual variability
ii 1 the spring and summer for age- 1 flatflshes. For both age groups, a two-factor ANOVA by depth at
10 m increments, season, and the depth-season interaction was performed separately from a two factor
ANOVA by sediment and sediment-season interaction and a two-factor ANOVA for sediment-depth
interaction. Data did not lend themselves to a combined three-factor ANOVA due to the large number

of empty cells when sediment data were combined with other variables. All CPUE data were log (X+1)
transformed to correct for heterogeneity of variance (Johnson and Wichern, 1992). Significance was

established at values of p < 0.05.

7.3 Results

Flathead sole and rock sole represented a large percentage of al juvenile flatfishes captured in
¥achemak Bay: 77% in September 1994, 85% in May 1995, 8 1% in August 1995, 80% in February
1996, 65% in May 1996, and 83% in August 1996. Flathead sole age-0 were most abundant in
£ eptember 1994 (N = 379), and none were caught in May 1995 or May 1996. Flathead sole agel
yere most abundant in August 1995 (N = 3 16). Rock sole age-0 were most abundant in August 1996
(N =130 1), and none were caught in May 1995. Rock sole age- 1 were most abundant in May 1995 (N
= 146) and August 1996 (N — 144). The total number ofjuveniles captured for all seasons and years
¢ ombined was 726 flathead sole age-O, 126 1 flathead sole age- 1, 1975 rock sole age-O, and 56 1 rock
sole agel.

Seasond differences in abundances for flathead sole age-l (F =181 p =0148 1, N = 197) and
rock sole agel (F = 0.17, p = 09137, N = 197) were not significant. Spring abundances offlathead
sole age-1 (F = 0.15, p=.7034, N = 60) and rock sole age-1 (F = 1.83, p =0.1818, N = 60) were not
significantly different between 1995 and 1996. Summer abundances of flathead sole agel (F = 06, p =
{.5495, N = 98) and rock sole age-l (F = 0.96, p = 0.3883, N = 98) were not significantly different
among years, and abundances of flathead sole age-0 (F = 9.1, p = 00002, N = 60) were significantly
different. Summer variability for rock sole age-0 could not be rejected (F = 294, p = 00574, N = 98)
a 95% significance.

The first canonical correlation assigned low coefficients to the variables temperature, salinity, tide
stage, and minutes of daylight for the presence/absence of juvenile flathead sole and rock sole. For all
ages of flathead and rock sole, depth and either percent sand or percent mud were assigned the highest
canonical coefficients. The first canonica correlation assigned depth and sediment with the two highest
canonical coefficients to explain the presence/absence of both ages of juvenile flathead sole and rock
sole. Canonical variables for flathead sole scored presence higher than absence so that increased depth
and high percent mud trandlated to presence. Depth and percent mud had equal canonica coefficients
(3.670) for presence of flathead sole age-0, and depth (0.553) and percent mud (0.508) had the highest
¢ anonical coefficients for presence of flathead sole age- 1 (Table I-4). Rock sole canonical variables
scored absence higher than presence so that increased depth and low percent sand or high percent mud
t-anslated to absence (Table I-4). Depth (0.617) and sand (-0.5 18) had the highest canonical
coefficients for absence of rock sole age-0 and depth (0.964) and mud (0.633) for absence of rock sole
agel (Table 1-4).

All transects had at |east one station with both flathead sole and rock sole present. Of the 41
T ermanent stations, 24 had species overlap, and those at which this occurred more than once were:
MC20, MC30, MC40, MC50, HS30, H$40, HS50, HS60, and KSB0 (Figure I-5). Because physica
rroperties such as temperature and sediment type often changed a a station between years, we
¢ onsidered the overlap at the total number of stations sampled. Of the 197 stations sampled over the 6
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cruises, only 36 stations (18%) had both flathead and rock solo present at the same time (Table I-5). Of
these 36 stations, 50% had > 70% flathead sole present and 3 1% had > 70% rock sole present. The
remaning 7 stations (19%) had very low abundance of flatfishes (N < 12 of each species) except for
station HS30 in August 1996, which had 58 flathead sole and 49 rock sole. The percentage of stations
with both species present was highest in winter and low in spring (Table I-5).

1.3.1 Sediment

Sediments in outer Kachemak Bay were variable with boulders and cobbles at the northern
shore, shell debris further offshore, and sandy mud in the center of outer Kachemak Bay. Inner
Kachemak Bay was dominated by fine-grained Sediments, and the sediment distribution did not
grade regularly from coarse sand to mud with increasing depth. Since the relationship between
depth and sediment was different between outer and inner Kachemak Bay, a wide range of depth
and sediment combinations were available within rdatively close proximity. For example, & 30 m
aong the northern shore of outer Kachemak Bay (BP30) sediments were cobble and boulder
mixed with coarse sand, whereas inner bay sediments at 30 m (HS30) were fine mud and silts
(Figure 1-5; Appendix 11-5).

Clugter andysis of gtations by percent sand and mud resulted in eight sediment clusters
(Figure 1-6). Sediment clusters were assigned descriptive codes for identification. Sediment
clusersin order of increasing gran Sze were: mud and mixed mud = M, sandy mud = sM, equd
parts mud and sand (mud/sand) = M'S, muddy sand = mS, muddy gravelly sand = mgS, at least
90% sand = S, sandy muddy gravel =smG, and gravel = G. Clugter M had the finest grain Sze
with > 57% mud (< 62 p), and cluster G had the coarsest grain size with > 65% gravel (> 2 mm)
(Figure T-6)

Combined over dl seasons, flathead sole ages-0 and 1 were on mixed mud sediments.
Although in different magnitudes, mud, sandy mud, mud/sand, and muddy sand had high
abundances of flathead sole ages-0 and 1 and low abundances on sand, sandy muddy gravel, or
gravel substrates (Figure 1-7). Age-| were more abundant than age-O on the coarser grain sSizes of
sand and gravel. Based on Bonferroni t-tests, abundances of flathead sole age-O were significantly
higher on mud than sand. Abundances of flathead sole age-| had Sgnificant differences between
mud and sand, mud/sand and sand, and muddy sand and sand. Rock sole ages-O0 and 1 were most
abundant on sand (Figure 1-7). Age-O were more concentrated on pure sand; whereas, age-l Spread
out to both finer and coarser grain sediments (Figure I-7). Abundances of rock sole ages 0 and 1
were each dgnificantly higher on sand than dl other sediment types.

Abundances of flathead sole age-0 (F = 3.66, p = 0.0001, N = 197), flathead sole age-| (F =
4.13, p = 0.0003, N =197), rock sole age-0 (F = 11.62, p = 0.0001, N =197), and rock sole age-
1(F=751,p=0.0001,N =197), were dgnificantly different among sediment clugters. Both ages
of flathead sole and rock sole were found on habitats with mud, sandy mud, mud/sand, and muddy
sand. At these four shared sediment types, flathead sole were present more often than rock sole (Figure
I-7). There was no significant interaction for flathead sole agel (F = 127, p = 02284, N = 197) or
rock sole age-| (F=1.42, p=0.1502, N = 197) between sediment clusters and season. However,
flathead sole age-0 (F = 211, p = 00135 N = 197) and rock sole age-0 (F = 342, p = 0.0001, N
= 197) each had a Sgnificant interaction effect. In August and February, flathead sole age-0 were
on mud amost exclusively, and in September they were most frequently on mud/sand, and sandy
mud. Rock sole age-0 selected sand amost exclusively in August and frequently in September;
however, in February they sdected mud more than any other sediment.

1.3.2 Depth

Flathead sole age-0 predominant depth range for all seasons combined was from 40 m to 60 m,
and flathead sole age-l had high abundance a each depth increment from 40 m to 80 m (Figure 1-8).
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Based on Bonferroni t-tests for al seasons and sediment types combined, mean abundances of
flathead sole ages-0 and 1 each had significant differences between depth pairs: 10 and 40, 50, 60.
Flathead s0le age-l dso had sgnificantly different mean abundances between depth pairs 10 and
73, 80; 50 and 20, 30, 100; and 60 and 20, 30, 100, 110, 150. Depth distribution of flathead sole
age-1 was highest from 40 m to 80 m and zero or low abundances at 10 m, 20 m, 30 m, 100 m,

l. 10 m, and 150 m (Figure 1-8). Abundance of flathead sole age- 1 a 90 m was not significantly
different according to Bonferroni t-tests. No flathead sole were captured at depths 5 m, 10 m, or 150
o 1 (Figure 1-8).

Highest abundance of rock sole age-0 for al seasons combined was at 20 m, and for rock sole
aze-1 a 10 m (Figure 1-8). Both ages had high abundance within the depth range of 10 m to 30 m
(Figure [-8). In summer months rock sole ages-0 and 1 were found < 50 m with highest abundances <
3 3 m. Both ages of rock sole were found at depths > 60 m only in February and May 1996 , with the
exception of an individua age-0 rock sole captured at KSB80 (Figure I-5) in August 1996 a 80 m.

Rock sole age-0 were found at every depth increment from 60 m to 150 m in February and a 70 m and
8 3 min May 1996 (Figure 1-9). Bonferroni t-tests for al seasons and sediment types combined
show that rock sole ages-0 and 1 each had significantly higher abundances at 10 m and 20 m, than
a depth increments > 60 m. Rock sole age-l had high abundances at 10 4 20 m, and 30 m, but
there were sgnificantly more rock sole age-l a 10 m than at 30 m (Figure 1-8). Rock sole age-|
were found at 60 m and 90 m in February and a 60 m in May 1996. Abundances of rock sole age- 1
were dgnificantly higher a 10 m than any other depth except 20 m.

There were significant differences among 10 m depth increments for abundances of flathead sole
age-0 (F = 571, p = 00001, N = 197), flathead sole age-| (F =599, p = 00001, N = 197), rock sole
aze-0 (F = 3.65, p = 0.0001, N =197), and rock sole age-1 (F = 7.95, p= 0.0001, N = 197). There
was no significant interaction between depth and season for flathead soleage-l (F = 0.44, p=
09941, N = 197) and rock sole age-0 (F = 1.25, p = 0.2003, N = 197). However, this interaction was
s gnificant for flathead sole age-0 (F = 202, p = 00037, N = 197). Flathead sole age-0 were
concentrated at 40 m and 50 m in September, 60 m and 110 min August 1995, 50 mand 80 min
August 1996, 40 m and 100 m in February, and absent in May. Although September and February
both had highest abundances of flathead sole age-0 at 40 m, the abundance in September was 4
times higher than the abundance in February (Figure 1-9). There was a0 a Significant season and
depth interaction for rock sole age-l (F = 200, p = 00042, N = 197). In May and August, rock sole
age-| were predominantly at 10 m, whereas they were most abundant a 30 m in September, and
at 40 min February (Figure 1-8).

There was no significant interaction between depth and sediment for flathead sole age-0 (F =
0.80, p = 0.7783, N = 197) or rock sole age-0 (F = 084, p = 0.7247, N = 197). Flathead sole age-l
(7 =199, p = 00027, N = 197) and rock sole age! (F = 171, p = 00157, N = 197) each had a
significant interaction effect. Flathead sole age-| selected mud most often at al depths except 50
m and 70 m, where muddy sand was selected over mud. Rock sole age-l was on sand most often
at each depth increment < 20 m, muddy sand at 30 m, and mud at 40 m, 60 m, 80 m, 90 m, and
100 m.

+.4 Discussion

Rock sole and flathead sole were the most abundant juvenile flatfishes in Kachemak Bay. A
groundfish survey in October, 1989, found flathead sole was the most abundant adult flatfish in
Kachemak Bay, followed by Dover sole, and rock sole (Bechtol and Y uen, 1995). Flathead sole
and rock sole appear to be well adapted to the habitats within Kachemak Bay as both juveniles
and as adults.
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In Prince William Sound, Alaska, larval flathead sole were aosent in April, most dbundant in
May and June, and very low in abundance in July (Norcross and Frandsen, 1996). In Kachemak
Bay, flathead sole age-0 were probably absent in May during 1995 and 1996 because they were
still in the larval phase. Additionaly, it appears that flathead sole age-O had not completely settled
into a demersa phase by August, as abundances of flathead sole age-0 were higher in September
1994 than August 1995 and 1996. Rock sole age-0 were absent in May 1995, and in May 1996
abundance was low (N = 10). Sampling was 19 days later in May 1996, indicating that either rock
sole begin to setle in mid-May in Kachemak Bay or there is interannud variability in settling time.

Juvenile flatfishes were clearly digtributed according ta sediment type preferences, however,
flathead sole age-| and rock sole age-l were found on more sediment types than age-O flatfishes.
Flathead sole age-l were found predominantly on mixed mud sediments but also spread out to
larger grain szes like muddy sand. Smilarly, rock sole age-l were found predominantly on sand
but spread out to both finer and coarser grained sediments (Figure I-7). Other sudies have
observed that as fish Sze increased more sediment grain Sizes were suitable for surviva. Age-O
juvenue flatfishes may be limited 1n then- ability to select certain sediment gram sizes because of
their small sze and the energy expenditure required for buria, whereas larger, more powerful
juveniles are able to bury in coarser sediments (Gibson and Robb, 1992). Thus, as flatfishes
increase in age and Sze they may be ableto bury in alarger range of grain szes (Moles and
Norcross, 1995). In Kachemak Bay, there were very low abundances of juvenile flatfishes on
coarse sediments. Smilarly, there was a negative correlation between gravel and abundances of
juvenile flathead sole and rock sole in bays around Kodiak Idand, Alaska (Norcross et ., 1995).
There gppears to be an upper limit to the grain Size suitable for these species.

Flathead sole and rock sole had differing habitat requirements in depth and substrate with spatial
overlgp limited to 7-19% of the gations in oring and summer, but rising to 5 1% of the gationsin
winter. Most of the habitat overlap can be explained by rock sole age-0 habitat extending offshore
into deeper, muddier water in the winter (Figure I-9). Rock sole appeared to spread to sediments
outside their typica range and were more adgptable than flathead sole to different sediment types.
In laboratory experiments, rock sole age-0 preferred different sediments based on the density of
fish. Asthe dengty of rock sole increased, they were more likely to choose mud-based sediment,
athough sand was gill chosen more often than mud regardless of fish dengty (Moles and
Norcross, 1995).

In addition to digtinctive sediment habitats, flathead sole and rock sole had digtinctive depth
habitats as well. Both ages of flathead sole had high abundances from 40 m to 60 m, and rock sole had
low abundances from 40 m to 60 m. Flathead sole age-l may have had a deeper predominant depth
habitat than age-0 because as mogt juvenile flatfishes grow they gradudly move farther offshore
(Gibson, 1994). In the spring and summer months rock sole ages-0 and 1 were most abundant < 30 m
depth. These habitats were consistent with summer habitat models from Kodiak Idand, Alaska, in
which rock sole age-0 were present at depths < 28 m (Norcross et a., 1997). Much of the spatial
overlap between flathead sole and rock sole occurred in winter when rock sole moved offshore to
depths up to 150 m. Strong winter bathymetric movements into deeper waters were observed for
juvenile ground&h in Prince William Sound, Alaska (Rogers and Rogers, 1986), and for Dover sole
and rex sole off the Oregon coast (Pearcy, 1978).

The influences of depth and sediment type are often difficult to separate due to the close
correlation between depth and grain sze. In the mgority of marine systems the relationship
between current speed and sediment particle site dictates that coarse-grained sediments
accumulate near slopes and in high energy aress with swift currents, sand accumulates near the
coas, and fine-grained, muddy sediments accumulate in deeper areas where bottom currents are
weak (Laevastu and Hela, 1970). This depth and sediment relationship exists in outer Kachemak
Bay; however, inner Kachemak Bay is dominated by fine slts and mud. Thisrange of sediments a
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{ he same depth within Kachemak Bay provided some data to differentiate between the cffects of
depth and sediment on juvenile flatfish distribution, Where equaly high numbers of flathead sole
and rock sole coexist (HS30), the depth was 30 m and the sediment type was mud; depth
primarily defined habitat for rock sole, while the sediment type defined habitet for flathead sole at
1 hisstation.

Both flathead sole age-| and rock sole age-l had significant depth and sediment interaction
effects. Sdlection of habitat type was depth related where sand was not available at deep depthsin
Kachemak Bay, but mud was present at sations as shdlow as 20 m; therefore, the significant
interaction for rock sole age-l may reflect sediment availability more than preference. With the

present analysis, it is unclear why sediment selection changed with depth for flathead sole age- 1;
additional environmenta or biologica factors which are related to depth, such as temperature
(Pearcy, 1978) or prey distribution (Holladay and Norcross, 1995a), may explain these dgnificant
interactions. Rijnsdorp et d. (1995) identified a need for future research to develop a mode which
predicts presence or absence of juvenile flatfishes by measuring habitat characteristics and physica
parameters of the area. This study focused on depth and substrate because they were factors
which dearly defined juvenile flathead sole and rock sole habitat with low overlap; however, we
recognize that other factors such as temperature, distribution of prey, predation, competition, and

hydrodynamic factors play criticd rolesin habitat suitability (Rijnsdorp et d., 1992; Gibson,
1994).

Seasond interannual variability for flathead sole age- 1 and rock sole age- 1 was not significant.
Miller (1994) stated that mechanisms which ‘regulate’ recruitment are often density dependent
and reduce interannud variability. Interannua variability among seasons in abundances of flathead
sole age-l and rock sole age-l was not significant, suggesting that recruitment may have been

regulated (Miller, 1994) before age-l. We tentatively suggest age-l may be an appropriate age
to monitor for recruitment predictions of these species.

Defining juvenile flatfish nursery aress is essentid for management decisons relating to
habitat preservation-and restoration (Burke et d., 1991). Suitable nursery areas are critical for
European flatfishes Solea solea and Pleuronectes platessa, because if nursery size were reduced,
numbers of juvenile flatfishes would not compensate by increasing their dendties, and the tota
gock would be reduced (Zijlstra, 1972). It is unclear if this applies as severely to Alaskan flatfish
nursery grounds; however, Zijlstra’s (1972) findings demonstrate the importance of defining and
preserving juvenile habitats to maintain the integrity of current fish socks. Once the habitats and
digtribution paiterns of juvenile flatfishes are known, monitoring their growth, surviva, and
subsequent recruitment will be more accurate. This study clearly defined the seasond distribution
ofjuvenile flathead sole and rock sole by depth and sediment in Kachemak Bay.
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Chapter 2. The effects of seasonal temperature and salinity patterns
on distribution, abundance, and growth of juvenile flathead sole and
rock sole in Kachemak Bay, Alaska

by Alisa A. Abookire and Brenda L. Norcross

Abstract

Seasond and interannud distributions in bottom temperature and salinity in Kachemak Bay
were investigated in spring, summer and winter from September 1994 to August 1996. Mean
bottom temperature in August was 1.0°C higher in 1996 than 1995, and mean bottom
temperature in May was approximately 15°C higher in 1996 than in 1995. Differences in bottom
temperatures, but not sainities, were present among transects within the bay in May 1995,
February 1996, and August 1995 and 1996. In winter, deep mixing of the water column was
observed.

Digribution and abundance of flatfishes were not related to bottom water temperatures or to
sdinities. The seasond offshore movement of rock sole could not be attributed to changesin
bottom temperatures, thus, unmeasured factors such as winter mixing, competition, or food
avalability may have influenced their distribution. Temperature did not define habitats for these
speciesin Kachemak Bay beyond previoudy defined models based on depth and sediment
(Abookire and Norcross, 1998—Chapter 1 in this report). Differences in fish abundance were not
related to seasond or interannua temperature differences.

Mean length increases of flathead sole (Hippoglossoides elassodon) and rock sole
(Pleuromcctes bilincatus) fi-om the 1334 and 1335 year-classes (YC) were comparced Within and
between species to examine the relationship between growth rate and temperature. Among
seasons, growth was greatest fi-om spring to summer, and temperature had a positive effect on
growth. However, temperature differences between years had a positive relaionship with growth
only for flathead sole age- 1. The results indicate that other unmeasured factors such as food
qudity or quantity may be important for growth of flathead sole and rock sole in Kachemak Bay.
To monitor year-class strength of flathead sole and rock sole, we recommend specific habitats be
sampled in mid-August when abundances are high.

2.7 Introduction

Kachemak Bay is ayear-round nursery area for juvenile flaffishes, and flathead sole
(Hippoglossoides elassodon) and rock sole (Pleuronectes hilineatus) dominate the juvenile
flatfish community (Abookire and Norcross, 1998—Chapter 1 in this report; Appendices 11-1 and
[1-6 in this report). Parameters defining habitat have recently been established in Southcentral
Alaskafor severd species of juvenile flatfishes (Moles and Norcross, 1995; Norcross et al., 1995,
1997; Abookire and Norcross, 1998—Chapter 1 in this report). Unlike the extengve flatfish
database from the North Sea (Bolle et d., 1994), little is known about juvenile flafishes in
Alaska. Paul et d. (1992), who provided the first information on the bioenergetic requirements for
flathead sole, has stated that first year minimum prey rations are from 2.2 to 6.2% bw/day at 4°C.
Moles and Norcross (in review) provide the first estimate of initia growth rates of rock sole, from
0.11 to 0.14 mm/d at 10°C (Adam Moles, Auke Bay Laboratory/NMFS, pers. comm.). Both
species recruit to the commercid fishery at age-4, and each has atota alowable catch of
approximately 30,000 metric tons in the Gulf of Alaska(NPFMC, 1995).
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Temperature, fish size, and food quality and availability are important factors determining
growth of flatfishes (Deniel, 1990; van der Veer et al., 1994). Variation in growth rates is often
related to temperature differences on loca to global scaes (Gibson, 1994; Rijnsdorp et ., 1995).
When food is unlimited, temperature influences growth (Gibson, 1994), as feeding rates and mean
growth rate increase with temperature (Malloy and Targett, 199 1). Growth rates of juvenile
Atlantic hdibut (Hippoglossus hippoglossus) (Hallardker et al., 1995) and witch flounder
(Ghyptocephalus cynoglossus) (Burnett et d., 1992) are affected by temperature. Temperature
preferences may also vary among age groups of the same species (Burnett et a., 1992; van der
Veer et d., 1994). Compared with temperature, sdinity has limited effects on growth rates
(Maloy and Targett, 1991; Gibson, 1994).

Seasonal temperature changes often result in dynamic spatial distribution of juvenile flatfishes
(Laevastu and Hela, 1970). Distribution ofjuvenile flatfishes within a nursery area varies with species,
locality, season and year; additionally, seasonal migration between winter and summer habitats is
common (Minami and Tanaka, 1992). Seasonal water temperature fluctuations may account for a
difference in the regiona distribution of juveniles due to individual species physiological tolerances and
preferences for temperature (Minami and Tanaka, 1992). In the Middle Atlantic Bight, juvenile
summer flounder (Paralichthys dentatus) (Able et d., 1990) and adult Atlantic croaker
(Micropogonias undulatus) (Norcross and Austin, 1988) are distributed in relation to
temperature, and migrate offshore seasondly. Fish digtribution has been strongly correlated with
bottom water temperature for plaice (Pleuronectes platessa) (Gibson, 1973; Lockwood, 1974),
witch flounder (Burnett et a., 1992), and juvenile dab (Limanda Zimanda) (Bolle e d., 1994).
Norcross et d. (1997) found bottom temperature to be a significant factor, dong with depth and
subgtrate, in determination of flathead sole age-0 habitat near Kodiak Idand, Alaska, but not for
rock soleage-0.

If we are to understand and monitor recruitment variability and fluctuations in year-class
grength, it is essentid to first understand the environmentd factors which influence growth,
feeding, and surviva ofjuveniles (Mdloy and Targett, 1991; van der Veer et d., 1994). Mortdity
of juvenilefishesis generaly size dependent and will decrease as fish grow; therefore, rgpid
growth of juveniles may reduce size-sdlective predation (Maloy and Targett, 1991; van der Veer
et d., 1994). Because faster growing juveniles mature a a younger age, they contribute more to
the reproductively viable adult population (Gibson, 1994; van der Veer et al, 1994).

Studies of juvenile flatfish habitats in Kachemak Bay indicate thet flathead sole occur
predominantly at depths of 40 m or greater on mixed mud substrates year-round. Rock sole are
most abundant at depths of 30 m or less on sand subgtrates in the spring and summer, with an
offshore movement in winter to depths of 150 m on mud substrates (Abookire and Norcross,
1998—Chapter 1 in this report). Because of the strong seasona signd in rock sole habitat
combined with the redlity that depth and temperature are often confounded, temperature is
investigated to fine-tune those models of species digribution by depth and sediment. This
investigation provides baseline data for age-specific temperature ranges in Kachemak Bay, and
will focus on how seasona changes in bottom water temperature affect growth, abundance and
distribution of juvenile flathead sole and rock sole. Since the water entering Kachemak Bay
originates in the Gulf of Alaska and has a strong scasonal signal (Roycr, 1375; Mucnch ct al,,
1978), we investigate (1) temperature and oceanographic differences within Kachemak Bay and
between years. The effects of bottom water temperatures on (2) distribution and (3) abundance of
juvenile flathead sole and rock sole are aso investigated. Because varigbility in abundances of
age-| flathead sole and rock sole were not significantly different among seasons or years
(Abookire and Norcross, 1998—Chapter 1 in this report), we hypothesize that temperature will
not have a sgnificant affect on abundance. Additiondly, we investigate (4) the rdationship
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between bottom temperatures and mean length increase to test the hypothesis that growth will be
greatest from spring to summer and in years with higher bottom temperatures.

2.1.1 Study site

Cook Inlet, alarge estuary in the Northern Gulf of Alaska, is about the same length as the
Chesgpeske Bay (Muench et d., 1978). Water circulation in lower Cook Inlet is counterclockwise
as Gulf of Alaskawater enters at the southeast end through Kennedy Entrance and water flows
out along the west side of Cook Inlet into Shelikof Strait (Anonymous, 1977). Inflowing seawater
originates in the northern Gulf of Alaska (Muench et d., 1978) and has a strong seasond signd
(Royer, 1975). Lowered sdinity and higher temperatures occur during the summer due to
increased freshwater input and increased insolation (Royer, 1975). In winter, thermohaline and
wind mixing and decreased dratification combine with decreased insolation and cessation of
freshwater input to produce lower temperatures, higher sdinity, and more dense water (Royer,
1975). A locdized tendency for upweling in the centra lower inlet supplies nutrient-rich, cold
water from depth, and the northerly flow transports this biologically rich water mass into
Kachemak Bay (Muench et d. 1978).

Kachemak Bay islocated in eastern lower Cook Inlet, and it is partialy divided into inner and
outer regions by Homer Spit (Anonymous, 1977). Spring and summer circulation patterns in
Kachemak Bay are dominated by two large surface gyres in the outer bay (Trasky et d., 1977).
Kachemak Bay waters have seasond variation in temperature, salinity, and density distribution.
Thereisincreased input of freshwater runoff and warming of the surface due to increased
insolation in late spring and summer, which result in well-defined dratification of the water
column (Anonymous, 1977). Such seasona dtratification combined with river input of nutrients yields
extraordinarily high primary productivity (Anonymous, 1977). In the fall and winter, freshwater input
is reduced to very low levels and surface cooling from winds reduces dratification. Temperature
inversions also may occur as the less saline upper water becomes cooled by winter winds and
becomes more dense than the more saline, warmer bottom water, resulting in strong convective
mixing throughout the water column (Anonymous, 1977).

2.2 Methods

To investigate the potential of Kachemak Bay as flatfish nursery grounds, a pilot study was
conducted from September 24 to 30, 1994; during that time, 16 Stations were sampled. From May 3 to
11, 1995, 19 dtations were sampled and transects were established. These initia stations were
incorporated into a total of 4 1 permanent stations in Kachemak Bay, Alaska, (Figure I- 10) which were
sampled from August 1 to 9, 1995, and February 24 o March 3, May 2 1to 3 1, and August 7 to 17,
1996. This sampling included oceanographic spring (May), summer (August and September), and
winter (February). When possible, fish trawls were taken at 10 + 2 m depth increments on 41
permanent stations located aong five transects (Figure |- 10). Sampling error between replicate
tows was minimal and when replicate good tows were obtained at a Sation the fish numbers were
averaged. The firg transect extended 7 km from the head of Kasitsna Bay (KS) with stations at
depths 10, 20, 30, 40, 60, 80, and 100 m (Figure I-10). The second and third transects extended
13 km across outer Kachemak Bay from McDonad Spit to Bluff Point (MC-BP) with stations at
depths MC: 10, 20, 30, 40, 50, 60, 70, 80, 90,100, 110 m, and BP: 90, 80, 70, 60, 50, 40, and 30
m (Figure I-I 0). The fourth and fifth transects extended 9.5 km across inner Kachemak Bay from
China Poot Bay to east of Homer Spit (CP-HS) with Sationsat depths CP: 5, 10, 60, 80, 100,
150, and HS: 100, 90, 80, 70, 60, 50, 40, 30, 20, and 10 m(Figurel-10).

Fish trawls and verticd collections of CTD (conductivity, temperature and depth) data were
done a all stations. A 3.05 m plumbstafl’ beam trawl equipped with a double tickler chain
(Gunderson and Ellis, 1986), net body mesh with 7 mm, and acodend liner with 4 mm mesh wes
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towed at all stations. Fish data werc standardized to catch per unit effort (CPUE) for an arca of
1000 m>. Towing procedure and calculation of CPUE are described in Abookire and Norcross
(1998—Chapter 1 in this report). All fishes were identified to species, counted and measured to
the nearest mm tota length. Age groups -0 and - 1 were estimated with plots of length-frequency
digribution usng 1 April as a birth date, and growth was estimated with mean length increase
between sampling periods.

Bottom temperature was measured every minute, and the average bottom temperature every
36 minutes was cdculated and recorded with StowAway XT1 temperature loggers from 27
February to 12 August 1996 a stations MC20 and KS 100 (Figure 1-10). Scatter plots of the
StowAway data and cadculaion of alinear regression were done with StowAway temperature
datain S-Plus (S-Plus, 1993). Temperature transects across Kachemak Bay with CTD
temperature data were plotted with a minimum curvature program (Surfer, 1995). Correlation
coefficients for depth and temperature were calculated in Excel (Microsoft Excel, 1994).

To test if bottom temperature or bottom sdlinity varied sgnificantly within Kachemak Bay,
bottom temperature and bottom salinity were each tested from February 1996, May 1995 and
1996, and August 1995 and 1996 datain one-way ANOVAs againg 5 transects using SAS
software, verson 6.11 (SAS Indtitute Inc., 1996). September 1994 data were omitted from this
comparison among transects because no stations were sampled on transects BP, CP, or HS. May
and Augug interannud differences in bottom temperature and bottom sdinity were tested with an
ANOVA using SAS software, version 6.11 (SAS Indtitute Inc., 1996).

To test for bottom temperature or bottom sdlinity effects on the abundance of flatfishes,
multivariate regressons were used with the model of CPUE equad to depth and temperature using
SAS software, verson 6.11 (SAS Inditute Inc., 1996). A separate analysis was done for each age-
class of each species. Separate regressions were performed for each season; if significant, then
regressions were performed separately for that season in 1995 and 1996. No flathead sole age-0 were
captured in May; therefore, analysis was not done for that species and season. To eiminate
potential bias caused by depth effects on digtribution, regressons were run only with data within
the depth ranges established in previous analyses, > 40 m for flathead sole and <30 m for rock
sole (Abookire and Norcross, 1998—Chapter 1 in this report). All CPUE data were log (X+1)
transformed to correct for heterogeneity of variance (Johnson and Wichem., 1992). All analysis of
variance (ANOVA) tests were followed by Bonferroni multiple comparison tests using SAS software,
version 6.11 (SAS Ingtitute Inc., 1996). Significance was established at values of p < 0.05.

Two-sample f-tests were used to test for differencesin mean length of age classes between
years, significance was established at p < 0.05 (Microsoft Excel, 1994). To compare the change in
growth across seasons, mean length increase per day (MLY/day) was caculated and used to
estimate growth rates between seasons. To Satisticaly compare MLL/day between seasons, 95%
Bonferroni smultaneous confidence intervals (Johnson and Wichern, 1992) around the differences
of MLI/day were estimated with 1000 iterations of the bootstrap stetistic (S-Plus, 1993). If the
95% Bonferroni smultaneous confidence interval between seasons did not contain zero, then the
two MLI/day vaues were datisticdly different.

2.3 Results

2.3.1 Temperature

Bottom temperatures were Sgnificantly higher in 1996 than 1995 in May (F = 199.18, p =
0.0001, N = 60) and in August (F = 62.55, p = 0.0001, N = 82), and were sgnificantly different
across transects in al sampling periods except May 1996 (Table I-6). From February 27 to
August 12, 1996, the bottom temperature increased linearly at MC20 (20 m) from 3.28 to
10.44°C (R* = 0.9703) and at K S100 (100 m) from 2.9 to 9.76°C (R* = 0.9702) (Figure |- 1).
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Based on Bonferroni T tests, monthly bottom temperatures were significantly higher at MC20
than a KS 100 during each month from February to August 1996 (Table I-7).

2.3.1.1 KS transect

May bottom temperatures on the KS transect were significantly colder in 1995 than 1996; for
example, at KS80 and KS 100 temperatures were1.6°C higher in 1996 (Figure 1-12). In August
1995 the bottom temperatures were from 0.3 to 0.8°C lower thanin August 1996, but were not
sgnificantly different based on Bonferroni T tests. Additionaly, KS bottom temperatures were
not sgnificantly different among stations aong the transect in Segptember 1994, August 1995, and
August 1996. The water column was dratified at depths shalower than 10 min May 1995, and in
February the water column was mixed to 80 m (Figure 1-12).

2.3.1.2 MC and BP transects

Bottom temperatures were sgnificantly higher in May 1996 than May 1995 on the MC
transect For example, bottom temperature at MC 110 was 1.2°C higher in May 1996 than in 1995
(Figure 1-13). Bottom temperatures on the BP transect ranged from 5 to 6°C and were not
sgnificantly different in May 1995 or May 1996 (Figure I-13). Summer bottom temperatures
from 1994 to 1996 were sgnificantly different dong the MC transect, and on both MC and BP
transects August 1996 bottom temperatures were higher than in August 1995. In February 1996,
mixing occurred throughout the water column to 100 m at MC and 90 m at BP (Figure 1-13).

2.3.7.3 CP and HS transects

Bottom temperatures in spring on the CP transect were significantly higher in May 1996 than
May 1995, and bottom temperature was 2.7°C higher at CP05 and 1.3°C higher at CP80 in 1996
than in 1995 (Figure 1-14). No comparison could be made for the HS transect, as it was not

sampled in May 1995. Bottom temperatures in August 1995 and 1996 were not significantly
different at CP, but bottom temperatures on the HS transect were higher in August 1996 than

1995. Bottom temperature was1.1°C higher at HS60 and 0.7°C higher at HS20 in 1996 than in
August 1995. In the summer of both years CP0O5 was the warmest station in inner Kachemak Bay
at 10.1°Cin 1995 and 10.3°C in 1996. In February the water column was mixed to 20 m at CP
and 60 m a HS (Figure 1-14).

2.3.7.4 Temperature and juvenile flatfish distribution

Offshore movements for rock sole occurred on al transects in winter. The degpest Sation
and the corresponding bottom temperature on each transect with rock sole present in winter was
KS100 (3.0°C), MC110 (2.8°C), BP90 (2.8°C), CP150 (2.1°C), and HS70 (1.2°C). In contrast to
spring and summer when shalow waters had higher bottom temperatures than deeper waters, the
bottom temperatures were warmer in degper waters in winter (Table I-8). Although bottom
temperatures in winter were positively correlated with depth on all transects (Table |- 8), deepest
stations on a transect were not aways the warmest. For example, rock sole age-0 were present at
the degpest gation in inner Kachemak Bay CP150, but not a the warmer station CP 100 (2.5°C).

2.3.7.5 Temperature and juvenile flatfish abundance

In May 1995, though bottom temperatures were higher at BP than at KS, MC, or CP (Table
I-6), abundances of flathead sole age-l (F =0.47, p = 0.7112, N = 13) were not significantly
different across transects. While in May 1996 bottom temperatures were not sgnificantly different
among transects (Table I-6), abundances of flathead sole age-| (F=6.77, p=0.0009, N = 29)
were sgnificantly different with higher abundances at KS than a BP, CP, or HS transects and
ggnificantly higher abundances a MC than HS. Abundances of rock sole age-0 in May 1996 (F =
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053, p = 07174, N = 18) and agel in May 1995 and 1996 (F = 087, p = 05074, N = 18) were
nct sgnificantly different among transects.

In August 1995 and 1996 bottom temperatures were higher at the KS transect than at the
other 4 transects (Table 1-6). Only August abundances of rock sole age-0 (F = 7.22, p = 0.0010,
N = 24) were significantly different among transects with more rock sole age-0 on MC than KS,
BP, or HS transects. August abundances of flathead sole age-0 (F = 0.06, p = 0.9938, N = 58),
agel (F=1.03, p=0.3990, N =58), and rock soleage-l (F=1.27, p=0.3 172, N = 24) were
nct ggnificantly different among transects.

In February 1996 bottom temperatures were significantly different among al transect
combinations except KS and BP, with highest temperatures at MC and lowest temperatures a HS
(T able 1-6). The minimum bottom temperature over al seasons was in February 1996 at HS 10,
with temperature 0.9°C. February abundances of flathead sole age-0 (F = 1.20, p=0.3382, N =
27), agel (F=1.63, p=0.2031, N = 27), rock sole age-0 (F = 2.94, p = 0.1014, N =12), and
rock soleage-l (F = 0.55, p = 0.706 1, N = 12) were not significantly different among transects.

Juvenile flatfishes were present a a wide range of bottom temperatures (Table 1-9).
Abundances of flathead sole age-l a depths > 40 m were significantly different for bottom
temperaturesin August 1995 (T = -2 13, p = 0 0403), with highest abundances at 8.1 and 8 .4°C.
Abundances of rock sole age-0 at depths < 30 m were Sgnificantly different for bottom
temperaturesin May 1996 (T = 2.33, p = 0.0238), September 1994 (T = -2.85, p = 0.0137), and
February 1996 (T = 2.07, p = 0.0453). Abundances of rock sole age-| at depths < 30 m were
sgnificantly different for temperatures in May 1996 (T = 2.76, p = 0.0098), with highest
abundance at 7.1°C.

2.3.2 Salinity

Bottom sdlinities were not significantly different between yearsinMay (F=1.91, p=0.176 1,
N = 60), but were significantly higher in August 1996 than 1995 (F = 9.70, p = 0.0028, N = 82).
For each sampling period, bottom sdinities were not dgnificantly different within the bay;
hcwever, in August 1996 bottom sdinities could not be rejected as equa across transects (F =
2.74, p = 0.0520, N = 41). Bottom sdlinitiesin August 1996 were lowest at the CP transect, and
lower & HS than BP (Table I-6).

Juvenile flatfishes were present a arange of bottom sdinitiesfrom 2 1.8 to 32.2 (Table 1-9).
The test of equa abundances of flathead sole age-0 at depths > 40 m among bottom sdlinities
could not be rgjected in August 1996 (T = 1.964, p = 0.0569). Abundances of rock sole age-l at
depths < 30 m were Sgnificantly affected by bottom salinitiesin May 1996 (T = -3.016, p =
0.3052), and in August 1996 (T = -1.948, p = 0.0589) the hypothesis that bottom salinity had no
ef’ect on abundance could not be rgjected. Abundances of flathead sole age-l and rock sole age-0
were not affected by bottom sdinities in any sampling period (Table 1-9).

2.3.3 Growth

Flathead sole age-0 modal length was 50 mm in September 1994, and 40 mm in August 1995
and August 1996 (Figure I-1 5). Mean length of flathead sole age-O was gregter in August 1995
than 1996, and greater in September 1994 than in either August 1995 or August 1996 (Table -
10).

Flathead sole age-l moda length was 100 mm in September 1994, and 90 mm in August
1 ©95 and August 1996 (Figure I-1 5). Mean length of flathead sole age- 1 was less in August 1995
than 1996, and greater in September 1994 than in either August 1995 or August 1996 (Table]-
1 0). Modd length in May 1995 was 60 mm and 70 mm in 1996 (Figure |- 15); however, mean
lengths were not Sgnificantly different.
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Rock sole age-0 modal length was 50 mm in September 1994 and August 1995, and 30 mm
in August 1996 (Figure I-16). Mean length of rock sole age-0 was greater in August 1995 than
1996, and greater in September 1994 than in either August 1995 or August 1996 (Table I- 10).

Rock sole age- 1 moda length was from 80 to 110 mm in September 1994, 120 mm in
August 1995, and 110 in August 1996 (Figure I- 16). Mean length of rock sole age- 1 was
sgnificantly greater in August 1995 than 1996, and was not sgnificantly different in September
1994 from August 1995 or August 1996 (Table I-10). Moda length in May 1995 was 60 mm and
80 mm in 1996 (Figure 1-16). Mean length of rock sole age-| was significantly lessin May 1995
than 1996 (Tahle 1-10)

2331 Mean length increase

Differences in mean length increases among seasons were compared to test the hypothess
that the most rapid growth would occur from spring to summer. For the 1994 and 1995 YCs,
both flathead sole and rock sole had significantly greeter growth rates from spring to summer
(Tables -1 1-12, Figures1-17-1 8). All comparisons of growth across seasons were significantly
different except for mean length from summer to pring compared with summer to winter for the
1994 Y C of rock sole and from summer to winter compared with winter to spring for the 1995
YC of flathead sole (Table I-12).

Mean length increases were compared between years to test the hypothesis that faster growth
would occur in warmer years. From summer to summer, the 1994 and 1995 YCs of flathead sole
were not significantly different (Figure 1-17), whereas the 1994 Y C of rock sole had a
sgnificantly higher mean length increase than the 1995 Y C (Tables |-l 1-12, Figure I-18). From
spring to summer the flathead sole 1994 yC had a significantly lower mean length increase than
the 1995 Y C (Figure I-17), wheress the rock sole 1994 Y C had a significantly greater mean
length increase (Tables I-1 1-12, Figure 1-18). From summer to spring flathead sole had no
significant difference in mean length increase between YCs, whereas the rock sole 1994 YC had a
lower mean length increase (Tables |- 111 2).

Mean length increases of different age groups were compared to test the hypothesis that age-
0 juveniles have more rapid growth rates than age-l. From August 1995 to February 1996 age-0
flathead sole had significantly less mean length increase than age- 1, and rock sole age groups had

no significant difference in mean length increases. From May 1996 to August 1996, rock sole age-
0 had significantly less mean length increase than age-| (Tables |- 11-12).

2.3.4 Locations with highest abundance

A total of 1987 flathead sole and 2536 rock sole ages-0 and 1 were caught at the 41
permanent stations for al seasons and years combined (Abookire and Norcross, 1998—Chapter 1
in this report). Highest numbers of flathead sole age-0 occurred at K40, KS50, and MC50 in
September 1994. Highest numbers of flathead sole age-l occurred at CP60 and MC70 in August
1995, and MC50 in September 1994. Highest numbers of rock sole age-0 occurred a MC20 in
August 1996, and MC10 in September 1994, August 1995 and August 1996. Highest numbers of
rock sole age-l occurred at MC10 in May 1995 and August 1996. Summer was the season with
highest catches of juvenile flathead sole and rock sole.

2.4 Discussion

The results presented here show that bottom temperature varies within Kachemak Bay
among seasons and years. Compared with outer Kachemak Bay, which has varying bottom
temperatures between the south (MC) and north (BP) shores, the inner bay has more
homogeneous temperatures between south (CP) and north (HS) shores. The HS transect is
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significantly ~ colder than the other transects in winter, and in February 1996, we observed sea ice
cover, which isan annua winter occurrence in inner Kachemak Bay (Anonymous, 1977).
Sinity controls digtribution and movement of fishes, but it is often correlated with both

Temperature and sediment. Therefore, interpretation of the role of sdinity in fish didtribution
independent of other environmenta factors is difficult (Gibson, 1994). Bottom sdinities were not
different between years in May. In August 1996, bottom sdinities could not be datigticaly
accepted or rgected as equa to or greater than 1995 bottom sdinities. Because the only
difference in fish abundance across transects in August 1996 was higher abundances of rock sole
age-0 on MC than KS, BP, or HS, sdinity had no clear reationship with abundance of flatfishes
within Kachemak Bay. Bottom temperature was aso greater in August 1996 than in 1995;
Therefore, an interannual summer sdinity effect is difficult to separate from temperature effects.
More importantly, within-season bottom salinities were not different across transects, and in
AugLet 1996 the within-season bottom salinities could not be rejected or accepted as equd.
Differences in locd fish abundance were not reated to bottom sdinities. Therefore, in comparison
with temperature, sdlinity exhibited dight differences within the study area and was not a
sgnificant controlling factor in growth, distribution or abundance. Mdloy and Targett (199 1)
state that unlike temperature, sdinity did not affect spatia distribution, feeding, growth, or
aurviva  of juvenile summer flounder.

Patterns of seasona migration are very species-specific with many possible controlling
mechanisms, in addition to temperature which may affect migration on both local and regiona scales
(Dorel et d., 1991). Our data do not support a relationship between bottom temperature and juvenile
flatfish distribution. During winter sampling, rock sole age-O were present at al temperatures
sampled (Table I-l I), and in inner Kachemak Bay they were present at the colder, deeper station
([ CP 150) and not at a deep, warmer dtation (CP 100). Rock sole age-0 displayed a winter offshore
movement on al five transects and moved deeper than the maximum depth of winter mixing on al
transects. Thus, rock sole may move offshore, in part, to avoid the dynamic winter mixing. Heavy
winter storms which mix the water column create wave action at the bottom and stir up the sediments,

which can limit the distribution of fishes (Laevastu and Hela, 1970). The winter offshore migration of
juvenile flatfishes (Pelotretis flavilatus, ~ Peltorhamphus  novaezeelandiae,  P. tenuis, and P. latus) in
New Zeadland was suggested to be an avoidance response to the low temperatures and increased
turbulence that occur in shallow water during winter (Roper and Jiiett, 198 1). Similarly, in the Bay of
Vilane, juvenile 0le (Solea solea) migrate offshore in winter to flee unfavorable hydrographic
conditions (Dorel et d., 199 1). Turbulence and wave action can displace fish and reduce vighility,
thus reducing food intake and growth rates from levels experienced under calmer conditions
(Moore and Moore, 1976; Gibson, 1994) and increasing competition for space. Such competition
for space may lead to offshore movements, as laboratory experiments show that rock sole age-0
are more likely to choose mud-based sediment as their densities increase (Moles and Norcross,
995). Sampling occurred in winter in only one year, and without replicates we do not know the
liming or variability of rock sole offshore movement. Additiondly, we can only speculate about
unmeasured mechanisms which may cause the offshore movement of rock sole, such as increased
winter mixing (Roper and Jillett, 1981) and hydrodynamics (Laevastu and Hela, 1970; Dord et 4.,
991).

Care mugt be used when interpreting environmenta varigbles in isolation, as the nursery area
is acomplex system (Rogers, 1992). Although there may be significant differences in CPUE by
temperature, not dl stations of a given temperature have fish present. If flatfish abundance was
directly related to bottom water temperature, we would expect temperature differences across
transects to overlgp with differences in fish abundances, however, this did not occur within
Kachemak Bay. Seasond differences in fish abundance may be more related to the life history of
each species than to temperature. The annua temperature cycles may cue rock sole larvae to
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begin settling. For example, in May 1995 rock sole age-0 were not present; however, in May
1996, when temperatures were 1.4°C warmer, rock sole age-0 were present in low abundance.
Because sampling in May 1996 was 19 days later than in 1995, time of year or higher water
temperatures may cue settlement. During trangport, Cdifornia hdibut (Paralichthys calafornicus)
larvae dday sattlement until they encounter warmer waters, which simulate settlement
(Gadomski  and Caddell, 1991). In years with mild winters, juvenile summer flounder appear
inshore earlier than when winters are severe, indicating that temperature is a cue for settling
(Malloy and Targett, 1991).

The relationship between growth and temperature was investigated; however, because
growth was estimated from seasonad mean length increase per day, bias due to migration and Sze-
selective mortdity could not be ignored. Both May and August 1996 temperatures were higher
than 1995; therefore, we expected the 1995 YCs to have a greater mean length increase than the
1994 YCs. May rock sole age- 1 and August flathead sole age-l were Sgnificantly larger in 1996
than 1995, athough May 1996 was sampled 19 days later than 1995, warmer spring temperatures
coincided with larger fish length. These data support the hypothess that growth is positively
related to temperature. However, mean lengths of flathead sole age-O, rock sole age-0 and rock
sole age-l were larger in August 1995 than 1996, contrary to that hypothesis.

Both year-classes of flathead sole and rock sole had the largest mean length increases
between spring and summer. Thus, the data support the hypothesis that growth rate increases
during seasons with higher temperatures. In the laboratory, growth is strongly affected by
temperature for juvenile Atlantic hdibut (Hallardker et al., 1995) and turbot (Scophthalmus
maximus L.) (Imdand et d., 1995). In the field, summer bottom temperatures are related to rapid
growth for juvenile summer flounder (Able et d., 1990; Norcross and Wyanski, 1994) and sole
(Dorel et d., 1991). In fact, growth rates of summer flounder are cued by temperature and
increase rapidly once temperature rises above 10°C (Malloy and Target, 199 1). Food availability
for juvenile sole (Dord et d., 1991) and photoperiod for juvenile Atlantic cod (Gadus morhua)
(Folkvord and Ottera, 1993) are aternatives to low temperature as causes of reduced winter
growth in some regions.

We invegtigated the relationship between mean length increase and temperature between
years and expected the 1995 YCs to have greater growth rates since bottom temperatures were
higher in 1996 than 1995. The rock sole 1994 YC grew less from September 1994 to May 1995,
a colder period than from August 1995 to May 1996. From May to August the flathead sole 1995
Y C had a greater growth rate than the 1994 Y C. Since there was more growth during the warmer
year, these data support the hypothesis that higher temperatures increase growth. However, from
May to August the rock sole 1994 Y C had a greater mean length increase than the 1995 YC,
which contradicts the hypothesis. Additiondly, the rock sole 1994 Y C had a sgnificantly greater
mean length increase than the 1995 YC. Factors other than temperature which affect growth, such
as food qudity and quantity (Gibson, 1994; van der Veer et d., 1994), must therefore be
considered.

Growth rates between age groups were compared to investigate the relationship between
growth and age. From August to February flathead sole age-0 grew less than age-l, and rock sole
age-0 growth was no different than age- 1. From May 1996 to August 1996 rock sole age- 1 grew
more than the newly settled age-0 fish. These differences in growth may be explained by larvd
sHtling time, as age-l for both species grew more than age-0 during the time when age-0 were
il settling into the demersd phase. Flathead sole pesk spawning isfrom March to May in the
Alaska and Pacific coast regions (Hirschberger and Smith, 1983), and they settle after May (Abookire
and Norcross, 1998-Chapter 1 in this report). Rock sole spawn from February to April
(Forrester, 1964; Matarese et a., 1989) and begin to settle in May (Abookire and Norcross, 1998-
Chapter 1 in this report). These data do not adhere to the standard theoretical growth curve for
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flatfishes, which predicts that age-0 fish grow faster than age-l (van der Veer et d., 19%4). For
flathead sole, this deviation from the standard growth curve may be related to a decrease in
optimal temperatures as fish sSize and age increase (Hallardker et d., 1995). Smaler plaice and
Bounder feed and grow at higher optima temperatures than larger fish (Fonds et al., 1992).

These data are not sufficient to determine if juveniles migrated fiom coastdl nursery grounds
aif hydrologica conditions enabled flatfish larvae to settle in Kachemak Bay; nevertheess,
flahead sole and rock sole dominate the flatfish community within Kachemak Bay both as
juveniles (Abookire and Norcross, 1998-Chapter 1 in thisreport; Appendices|l-l and 11-6in
this report) and as adults (Rechtol and Yuen, 1995) The digributions of flathead sole and rock
ejuveniles are clearly defined by depth and sediment (Abookire and Norcross, 1998-Chapter
1 in this report), and addition of the temperature variable does not further define habitat
digribution within Kachemak Bay. To monitor year-class strength of flatheed sole and rock sole,
we recommend sampling in mid-August when abundances are high. We recommend sampling for
3athead sole on the KS transect between 40 and 60 m and on the MC transect between 50 and 70
mand for rock sole on the MC transect between 10 and 30 m. Continued sampling of juvenile
flatfishes is worthwhile to continue collection of basdine data (Sharp, 1994), monitor changes in
recruitment (Miller, 1994; van der Veer et d., 1994), and build on the growing knowledge of the
early life higory of Alaskan flatfishes
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Chapter 3. Using habitat characteristicsin  the assessment of
interannual fluctuations in juvenile flatfish abundances

by Sherri C. Dressel and Brenda L. Norcross

Abstract

Many North Pacific fish populations are declining in abundance due to the effects of
development, exploitation, pollution and other anthropogenic and naturd effects. The need for
effective fisheries management is stronger now than ever before. Current declines in fish stocks
have resulted in aneed for earlier estimates of species’ year-class strength; such data would have
wide-reaching benefits. A survey was developed during this study to assess relative interannua
fluctuations in recruitment for four juvenile flatfish species: age-0 rock sole (Pleuronectes
bilineatus), age-0 Pacific hdibut (Hippoglossus  stenolepis), age-0 flathead sde (Hippoglossoides
elassudon) and agel yelowfin sole (Pleuronectes asper). Six years of annud trawl data and
physica parameter measurements (199 |-1 996) were collected in Chiniak Bay, Kodiak Idand, to
asess the didtribution and abundance of juvenile flatfishes in rdation to habitat characteridtics.
Obtaining reliable abundance indices from juvenile flatfish trawl surveys is difficult due to the
tendency of juveniles to aggregate. Since the precison of survey density estimates decrease as the
degree of aggregation increases, bottom trawl sampling for juvenile flatfishes often gives highly
variable catches. Due to the difficulty of obtaining reliable abundance estimates, the first portion
of this study was dedicated to developing and evauating a survey design for juvenile flatfish
surveys. In the second portion of the study, survey data was utilized for an assessment of
interannud variability in abundance for four juvenile flatfish species.

Often, the concentration of juveniles varies over space and time in response to environmental
conditions and factors. In this study, 1991-1994 sampling for fish and habitat parameter data
alowed dratification of sampling by habitat characterigtics in 1995 and 1996. Stratifying 1995
and 1936 sampling by the habitat parameters most closely related to each species distribution
increased precison of juvenile flatfish abundance estimates. Sampling in 1996 was alocated on
the outer edges of each species geographica distribution range, defined in previous sampling
with habitat parameter ranges. If the geographic digtributions of these species increase and
decrease in response to annual abundance changes, sampling on the outer perimeters of each
species geographica distribution range could provide an indication of population changes from
regions where abundances and sampling variances are low. While sampling in these regions was
hypothesized to provide abundance estimates with increased precision over sampling across al
regions with a gratified (1995) or non-dratified (199 |-| 994) design an increase was not
observed.

The second portion of this sudy was dedicated to assessing interannua variations in
abundance for the four juvenile flafish species and utilizing habitat characteridtics in the andyss
of dl sx years. Three indices were developed for each species, each index based on mean catch-
per-unit-effort (number of fish per 1000 m?) across sdlected sites: the first indluded nine fixed sites
that were sampled in al sx years, the second included al stes sampled in each of the Sx years
and the third included dl sites in regions of “preferred” or occupied habitat, identified specificaly
for each of the four species and based on depth and sediment characteristics. These indices
revealed that rock sole exhibited an oscillating pattern of abundance, highest in 1992 and 1994
and lowest in 199 1 and 1993. Pacific halibut abundance was lowest in 199 1 and 1993, increasing
to its highest abundance in 1994 and 1995. Flathead sole abundance showed a strong increase
from 1991 to 1992, with decreasing numbers theregfter. Ydlowfin sole exhibited its highest
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abundance in 1991, with decreasing abundance over the following five-year period. We found that
the specific index that provided the most information (i.e., the lowest error) for each species
depended on both the index sample Sze and the individua species’ geographic distribution.

3.1 Introduction

The gods of fisheries management include conserving the fish resource, controlling fisheries
when overexplaitation is a problem, and maximizing or optimizing the yield from the resource in
terms of biologica, sociologica and economic perspectives (Mundy et d., 1985). Earlier
estimates  of species’ year-class strength would have wide reaching benefits. Since early estimates
would alow predictions of stock sizes years in advance of the harvest, they would provide

benefits to managers, processors and participantsin the fishery. Predictions of fletfish year-class
strength prior to entrance to the fishery may be obtainable from juvenile flatfish surveys. This
particular study focuses on the assessment of abundance of four juvenile flatfish species, age-0
I ock sole (Pleuronectes bilineatus), age-0 Pacific halibut (Hippoglossus stenolepis), age-0
flahead sole (Hippoglossoides elassodon)  and age- 1 yellowfin sole (Pleuronectes asper).

To develop ardiable prediction of year-class strength and reach the gods of fishery
management, scientists must be able to assess population levels with a high degree of confidence.
Since improperly designed data collections and sampling programs utilized to reach these gods
limit how much conclusive information is gained, developing a sampling design to provide
management information requires more atention than has been given in the past (Mundy et d.,
1985). As aresult, this paper contains two parts. The first portion focuses on survey design and

the second focuses on assessing interannud variations in abundance. While this study focuses on
the assessment of abundance of four juvenile flatfish species, the methods of survey design and

andyds address common questions in relation to trawl surveys and are thus of generd interest.

In generd, the maximum precision atainable in a survey is determined by the spatiad
distribution of the target species (Gunderson, 1993). One of-the most important steps m
developing a direct survey of abundance, therefore, is to obtain a complete understanding of the
digribution of the target species. A primary difficulty with juvenile flafish travl surveysisthe
tendency of juveniles to aggregate. As the degree of aggregation increases, the precison of a
dendty estimate will decrease (Lenarz and Adams, 1980), with the variance of catches increasing
faster than the value of the mean (Forest and Minet, 198 1). As aresult, bottom trawl sampling for
juvenile flafishes often gives highly varidble catches making it difficult to obtain abundance
indices. When assessing abundances, therefore, surveys need to be adapted to account for
aggregated digtributions,

Often, the concentration of juvenile flatfishes varies over gpace and time in response to
environmental conditions and factors (Jager et a., 1993; Keefe and Able, 1994; Reichert and van
der Veer, 1991, Norcross et d., 1995, 1997). In fact, habitat type and habitat quality are
becoming more widdy recognized as primary determinants for the distribution and surviva of
marine fish species (Tanda, 1990; Gadomski and Caddell, 199 1; Kramer, 199 1, Reichert and van
der Veer, 1991; Gibson and Robb, 1992; Sogard, 1992, Moles et d., 1994; van der Veer e d.,
19 Moles and Norcross, 1995; Norcross et al., 1995, 1997). As habitat is akey factor in
determining fish digtribution, knowledge of the preferred habitat characteristics of the target
species is necessary in order to design an effective survey of abundance. Until recently, however,
few studies have been directed toward defining fish habitat or usng habitat preference to help
decrease the variability in abundance estimation (Scott, 1995). Abundance estimates derived from
current surveys, which sample evenly across a variety of habitats, may be less rdiable than those
that could be produced if the factors responsible for the distribution were accounted for in the
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survey design. If habitat preferences can be determined and habitat types quantified, sampling
dratification should be more effective, minimizing the variance in population estimates.

The juvanle flatfish survey developed in this study was a multi-step, habitat-based survey. Six
years of annua trawl data and physical parameter measurements were collected in Chiniak Bay, Kodiak
Idand (Figure I- 1) to estimate catch-per-unit-effort (CPUE) and develop a relative index of population
abundance. The survey design described in this paper had three steps, designed to make subsequent use
of the information gained in prior steps of the survey. Each “step” refers to a particular combination of
sampling method and sample alocation. The first step, implemented from 199 1 to 1994, incorporated
non-stratified exploratory sampling. Fish abundance and physical parameter data were collected in
order to identify the habitat parameters most closely related to each species’ distribution. The second
step in the design was implemented in 1995. Sampling was stratified by depth and substrate, the two
habitat parameters sclccted from step one, with fixed sample alocation. Sampling in the second step
was designed to obtain estimates of variability in species abundances and cost of sampling (the number
of hours required to trawl and sort one tow) in each stratum. The third step was implemented in
1996. Sampling was dtratified, with strata boundaries defined in terms of depth and substrate, chosen to
maximize the similarity of species abundances. The number of tows in each stratum was assigned
based on the relative area in each stratum, the cost of sampling in each stratum and the variance of
the four target species abundance. Strata with low variability were chosen for each species as
monitoring strata. As a result, monitoring strata for abundant species were located on the outer
perimeter of the species geographic digtribution. Monitoring strata for non-abundant species
incorporated larger proportions of their distribution range. The objective of this design was to
determine whether integrating habitat information into survey design/analysis and alocating samples on
the outskirts of vy spras “geugraac-1aage Wouldi provdrepredse e vi-réduve doudaadice.

The andysis of interannud variability included the use of three abundance indices. The firgt
index, the mean CPUE over nine fixed sites sampled each year, was restricted to alow sample
Sze, but was utilized to provide annua abundance estimates with no spatid bias. The second
index, the mean CPUE over dl sites sampled each year, had the highest possible sample size, but
included some degree of spatia bias snce the location of sample Szes varied from year to year.
The third index, the mean CPUE over al sites within species-specific regions of “preferred” or
occupied habitat, was used to provide a measure of abundance while minimizing the effect of zero
catches in regions of unoccupied habitat. The three indices had individual strengths and weaknesses,
but were used together to more closely define the changes in juvenile flatfish recruitment over time.

3.2. Sampling methods

Sampling was conducted in Kalsin and Middle Bays, offshoots of Chiniak Bay, approximately 10
nmi from the town of Kodiak Alaska (Figure I-I). Middle Bay is approximately 8 km long, with
depths of 50 m at the mouth of the bay, and an area of approximately 21 km®. Kasin Bay is dso
approximately 8 km long, reaches depths greater than 100 m at the mouth of the bay, and encompasses
an area of approximately 34 km® The survey area for this study, which included the combined area of
the two bays and the sampled region directly outside the mouths of the two bays, encompassed
approximately 87 km® (Figure 1-3).

Annud cruises were conducted in Chiniak Bay within the first two weeks of August from
199 1 to 1996. During the years of exploratory sampling, 199 |- 994, sample sites extended into
Womens and Isthmus Bays, but the indices of abundance developed in this sudy were restricted
to inner and outer Middle and Kasin Bays (Figure I-3). Sampling in 199 1 was conducted from
11-17 August aboard a 7.3 m skiff and from 18-19 August aboard a 24.7 m chartered trawl
vessel (F/V Big Valley). In 1992, sampling was conducted from 9-14 August aboard the same 7.3
m skiff. Annual sampling from 1993 to 1996 was conducted as a joint effort between the Ingtitute
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of Marine Science (University of Alaska Fairbanks) and the National Marine Fisheries Service
(Kodiak Laboratory). All four years of sampling were conducted aboard an 8.2 m Boston Whaler
owned by the Kodiak NMFS Lab. Sampling was conducted from 12-24 August 1993, 8-19
August 1994, 3 1 July-l 1 August 1995, and 1-16 August 1996.

The beam trawls used in this study were adapted from a design by Gunderson and Ellis
(1986) for juvenileflatfish. In 1991, 1992 and for 7 quantitative tows in 1993, tows were made
with a 3.66 m plumb staff beam trawl. In 1994, 1995, 1996 and for 32 quantitative tows in 1993,
tows were made with a 3.05 m plumb staff beam trawl. Trawl nets were made of 7 mm square net
mesh and a4 mm codend liner which retained flatfishes as small as 11 mm Nets were equipped
with a double tickler chain, two 40 Ib. weights on the lower wings, floats on the headrope and at
each end of the beam, and 6 in. lengths of chain hung from the footrope & 6 in. intervals. The
towline was deployed a a 5: 1 line:depth ratio at sites less than 10 m deep and 3 : 1 ratio for depths
greater than 10 m. Tows were gpproximately 10 minutes in duration, but varied as necessary
according to factors such as sediment accumulation in the net and towpath redtrictions. All tows
were made during the day and primarily on arisng tide. All fish were identified to species and
length measurements were taken. Fish ages were determined by length frequency andysis.

The effective sampling area of each tow was determined by multiplying the effective width of
the beam trawl, 0.74 of the beam length (Gunderson and Ellis, 1986), by distance towed based on
Globa Positioning System (GPS) coordinates. Fish CPUE values were standardized to a 1000 m’
tow area. For 1994, 1995 and 1996 sampling, distances were determined from GPS readings for
each individua tow. Since beginning and ending GPS coordinates were not recorded in tows from
the 7.3 m skiff in 1991, in 1992 or 1993, tow distances were estimated with least trimmed squares
robust regression of GPS distance towed per minute data for each of the respective vessals (S-
Plus, 1993). Data for the Boston Whaler (1993) were taken from Boston Whaler distances during
the 1994, 1995 and 1996 cruises. Additiona sampling in 1996 was conducted to determine
distance statistics the 7.3 m skiff (1991 and 1992). All but two of the tows conducted from the
24.7 m trawling vessd, F/V Big Valley (199 1), in Kalsin and Middle Bays were caculated from
GPS coordinates. The remaining two tows were estimated as the average distance for a lo-minute
tow conducted during that cruise.

3.3 Survey design: Methods and results

3.3.1 First step of the survey-1991 to 1994

3.3.1.1 Methods

The first step of the survey (199 1-1994) incorporated extensve spatid sampling for
describing juvenile flatfish distributions in relation to habitat characteristics (Norcross et al., 1995,
1997). Sites were sampled within 5 m depth increments from 0 to 10 m depth and a 10 m depth
increments at greater depths. The god was to sample over the widest range of regions and habitat
characterigtics possible within the congtraints of bottom type suitable for trawling. At each dite, a
tow of 10 minutes or less was conducted and a set of physica measurements was collected. The
physica measurements included depth (as read from the vessdl fathometer), a sediment grab (0.06
m® Ponar grab) taken for grain size analysis, organic content (in 1993-1996 sampling) and
carbonate content (in 1993-1996 sampling), a verticad CTD (conductivity, temperature and depth)
cast for temperature and sdinity measurements at depth and a record of distance from the mouth
of the bay, minutes after high tide and minutes after sunrise at the time of the tow.

1-30



3.3.1.2 Results

Fish CPUE gatistics were caculated for atotal of 178 quantitative tows in Kasin and Middle
Bays from 199 1 to 1994 (Table I- 13, Figure I- 19). In 199 1, 50 quantitative tows were made in
Kasin and Middle Bays, 40 from a 7.3 m siff and 10 from the 247 m F/V Big Valley. In 1992,
3 1 tows were made from the 7.3 m skiff. Sampling in 1993 and 1994 was conducted from the 8.2
m Boston Whder, yidding 39 and 56 quantitative tows, respectively.

A comparison of fish abundances with physica characteristics was conducted by Norcross et
d. (1995) in order to determine the physica characteristics most closdly related to the distribution
of juvenile flatfishes in bays and straits around Kodiak Idand. The relationship between fish
abundances and physical oceanographic datain Chiniak Bay and other bays around Kodiak I1dand
described habitat for four of the most abundant species, age-0 rock sole, age-0 Pacific halibut,
age-0 flathead sole and age- | yellowtin Sole (Norcross €t d., 1995). Linear discriminant function
analysis on presence or absence data was used to cregate habitat models for the four species
(Norcross et d., 1995). Regression trees were constructed by using CPUE for each speciesto
refine the habitat models (Norcross et ., 1997). Habitat parameters included in the atistica
comparisons were depth, distance from the bay mouth, temperature, sdinity, and categorical
descriptions of sediment types based on Folk (1980). Two groups of habitat factors
(depth/temperature and sediment composition) explained most of the observed digtributions of
age-0 rock sole, age-0 Pecific halibut, age-0 flathead sole and age-| yellow-fin sole (Norcross et
d., 1997).

3.3.2 Second step of survey-1995

3.3.2.1 Methods

The precision of an estimated sample mean depends upon two factors: the Sze of the sample
and the variability or heterogeneity of the population. Since the number of samples in this study
was limited to those obtainable with the same amount of effort each year, the only way to increase
the precison of estimates was to use sampling procedures, such as dratification, that would
effectively reduce the heterogeneity of the sampled population (Sukhatme, 1963). The 1995
survey was dratified by depth and sediment, the primary habitat characteristics determined during
preliminary 199 1-1994 sampling. The goa of 1995 sampling was to describe the varigbility in
abundance estimates and cost of sampling as specifically as possble across dl regions of the study
area. To do so, aminimum of three tows was assigned to as many strata as possible within the
given amount of effort available for the survey. The resulting cost and variance estimates from
each 1995 stratum were to be combined into fewer strata for the 1996 survey, based on fish
digtributions (as indicated by habitat types) and cost information.

In the 1995 sampling design, the survey area was divided into 10 strata bascd on depth and
sediment (Table I-14). Depth classificationsin Middle Bay were O-5 m, 5-1 0 m, 10-20 m, 20-30
m, 30-50 m, and grester than 50 m. Depth classfications in Kalsin Bay were O-5m, 5-10 m, 10-
20 m, 20-30 m, 30-50 m, 50-70 m, and greater than 70 m. Sediment stratification was based on
percent sand in substrate. Sediment was dratified into three levels: 0-50% sand, 51-90% sand,
and 9 I-| 00% sand. Ten of the most prevalent combinations of depth and sediment classfications
were represented in the 1995 strata.

Three replicate tows were planned on the predominant sediment type within each depth
interval, in order to establish variance estimates for each species abundance in each strata. When
the same depth and sediment classifications were present in both bays, three tows were made in
each bay to account for bay differences, for atotd of six towsin the strata. When available,
different sites within the same strata were used. In the case where multiple trawlable sites within a
particular stratum did not exig, three replicate tows were made in the same immediate location.
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At each Ste a sediment grab was taken to visudly confirm the expected sediment type, and
kept for grain size analysis. Trawl and data collection methods were the same asin 1991-1994. In
addition to these methods, we recorded the cost of sampling in each stratum, defined in this study
as the hours needed to trawl and sort one tow.

The mean abundance and the variance for each species was calculated for each strata as

y=1>y ad
i=]
sy = ,,:_1 Z(yhi -5
i=1

In order to assess whether the chosen combinations of depth and sediment decreased the
variance of abundance estimates, the variance of the mean estimators from 1995 data were
compared when calculated with data stratified and when calculated without data Stratified. For
this analyss, the 1995 sampling was treated in one case as dratified random sampling, with the
mean estimators and variances caculated as
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with s* calculated as above, and in the other case as simple random sampling with the mean
estimators and variances calculated as
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In order to calculate the Stratified estimator, the area of each of the 1995 strata had to be
assessed. To do o, the survey region was digitized and plotted in the Surfer program (Surfer,
1995). Vdues of percent sand were contoured over the study region for each year (199 1-1995).
Due to the amilarity in sand digtribution over the five years of sampling and the degree of detall
necessary for the area estimation, sediment datafrom 199 1 to 1995 were combined into asingle

sediment map. The method of minimum curvaluie was used Lo vonioul sedient values ovel the
region and the area within each sediment-depth combination strata was calculated.

3.3.2.2 Resaults

A total of 38 quantitative tows was completed in 1995 sampling (Table I-15, Figure 1-20). Three
replicate tows were completed on the predominant sediment types within each depth interval, except
KB70, for which we obtained only two tows due to time limitations (Table I-14). Based on these tows,
the effectiveness of the stratification was evidenced by a genera increase in precision of the mean
estimators for three of the four target species (Table I-16). Overal variance of the stratified estimator
was considerably lower than the non-stratified variance for rock sole, Pacific halibut and flathead sole.
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Variance of the yellowfin sole non-stratified mean estimator was lower than the stratified variance, but
was noticeably slight compared to the increases in precision shown by the other three species. The
general decrease in variance with stratification suggests that habitat, as described by depth and
sediment, was an appropriate indicator for the distributions of these target species, and is thus an
appropriate stratifying parameter. The cost of sampling and the variability of species abundance in each
stratum were used to design the 1996 survey.

3.3.3 The third and final step of survey-1996

3.3.3.1 Methods

Species means and variances from 1995 strata were compared with depth and sediment in
order to determine strata boundaries for the 1996 survey. Strata boundaries were chosen to
maximize the smilarity of species abundance. Sediment was divided into three categories: 0—40%
sand, 41-80% sand and 81-100% sand (Table I-17). Depth was divided into two categories: less
than 30 m and greater than or equal to 30 m. Although regions greater than 30 m depth and 81-
100% sand were predicted by the extrgpolation of sediment vaues in the Surfer program, regions
with those characteristics were not found in 1991-1995 sampling. As a result, that stratum was
excluded from totdl area estimate and the remaining five strata were assumed to account for the
totd avallable sampling areain the region. The totdl areain the sampling region (FigureI-3), as
determined using Surfer (1995), was 87.15 km® and each tow was standardized to 1,000 m’
Sampling in 1996 was then digtributed among these five dtrata (Table I-17).

Monitoring strata chosen for each species were those that composed the regions on the outer
perimeters of each species geographical distribution range (Figures 1-2 [-24). Since the
distributions of each species differed, the particular monitoring strata and the number of
monitoring strata chosen for each species differed respectively. The digtribution of samples among
these dtrata was based on the relative area in each stratum. the cost of sampling in each Stratum
and the variance of the four target species abundance. The optimum alocation equation
(Thompson, 1992) was utilized to combine these factors and to estimate the relative sample sizes
needed for each speciesin their selected strata.

_ (c—c)N,o, /g,

n, = T
Zk:l Nka-k VG

High sample szes resulted for strata with high variances, large areas and low costs, while low
sample sizes resulted from the opposite. It should be noted that sampling did not follow {he
optimum alocation design, but instead the equation was used as a reference to determine rdative
sample sizes in the strata chosen. All four species were weighted of equal importance when
determining sample Sizes.

In order to assess the effectiveness of the multi-step, habitat-based survey designin
producing indices of mean abundance with high precison, data collected in 1996 under the
sdective dratificatiion scheme were compared with results of the 1995 dratified sampling, and
results of 1993 exploratory sampling. The 1993 sampling season was chosen to represent the
years of exploratory sampling in the comparison since it was the only year from 1991 to 1994 that
sampled in al habitats described by 1996 drata. It was aso the year that had the sample size (n =
35) mogt smilar to those in 1995 (n = 38) and 1996 (n = 39). While equa sample Sizeswere not a
requirement for statistically comparing the years, the power of the comparison lest was

heightened by having sample sizes as nearly equd as possible (Zar, 1996). For each speciesin
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each year, mean abundance per tow, variance of the mean and the coefficient of variation were
caculated. The comparison of the three years data was drawn not to suggest that the three
sampling designs should be used or chosen individualy, but to see whether the three steps that
built on each other showed signs of increasing precison.

For this comparison, 1993 sampling was treated as Smple random sampling and 1995
sampling was treeted as dtratified random sampling (see equations above). Data from 1996 were
aso treated as Sratified random sampling, but the alocation of samples was based on the
digtribution of the four species (please note that none of the sampling over these years was
completely random, but randomness was approximated as closely as possible within the depth,
sediment, weether and logistical congtraints). While the mean abundance per tow indices were
caculated over the whole study areafor 1993 and 1995, the mean abundance per tow index was
calculated over only the selected monitoring strata for each species in 1996. The coefficient of
variation was caculated for each species in each year to compare the precison of the dratification
schemes. Pairwise two-tailed tests were then conducted on 1993, 1995 and 1996 fish CPUE data
(Zar, 1996). In these comparisons, the logarithms of fish abundances (n + 1) were used to
gpproximate normdlity in al three years.

3.3.3.2 Resaults

The geographic digtribution of each species was closdly related to depth and percent sand in
substrate. Flathead sole were found in regions O-85 m in depth and with 10-100% sand (0-92%
mud) in substrate, but predominantly in depths >30 m and on substrates with 0-50% sand (>35%
mud). Rock sole was the most abundant flatfish species, inhabiting regions O-85 m in depth and
with 0—100% sand. Rock sole were predominantly found in depths <40 m and with >20% sand in
subgtrate. Pacific halibut were collected in regions O-85 m in depth and with 0-100% sand in
subgirate, predominantly in depths <30 m and with >25% sand in subdrate. Yelowfin sole were
collected in regions 045 m in depth (predominantly O-30 m) and with >20% sand in substrate.

Monitoring strata were chosen for each of the four species for 1996 sampling (Table I- 17).
One monitoring stratum was chosen for rock sole (stratum 4), two for Pecific hdibut (strata 1 and
3), four for flathead sole (strata 1, 2, 3 and 4) and dl five for yellowfin sole (strata 1, 2, 3, 4 and
5). It should be noted that 1995 stratum 4 contained no yellowfin sole or Pecific hdibut and
dratum 5 contained no yellowfin sole, yet these Srata were included as monitoring strata for
these two species in 1996. Minimal-to-no additiona tows were required to include these strata
(no additiona for stratum 4 and two additiond for stratum 5) and in the event that populations of
these species expanded, tows in these strata could have been important indicators of the change.

A totd of 39 quantitative tows was completed in 1996, divided among the five strata (Table
I- 18, Figure 1-25). Stratified mean estimates and associated variances and coefficients of variation
weie calculated for each species acioss monitoring stiata (Tables 1- 19-20). Results from 1996
(sretified by depth and sediment with indices caculated for each species in species-specific
monitoring sirata) were compared with 1993 (no dratification) and 1995 (dratified by depth and
sediment with the same number of samplesin each strata of each bay) (Table 1-20). As expected,
the precison of estimates varied with the dratification and dlocation method. For each of the four
species, the most precise estimator was one of the dretified estimators. For flathead sole and
Pecific hdibut, sratified sampling with even dlocation of samples (1995) gave the most precise
estimator, followed by dratified sampling in sdlected monitoring strata (1996) and findly,
sampling with no dratification (1993). Tests of flathead sole coefficients of variation showed that
non-gratified sampling in 1993 and dratified sampling in 1996 had Sgnificantly larger coefficients
of variation than 1995 sampling (p < 0.05), though not sgnificantly different from each other.
Since no Pacific halibut were caught in the 1996 selected monitoring strata, the only statistical
comparison that could be drawn was between 1993 and 1995 sampling. Similar to flathead sole
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results, 1995 sampling vyielded a significantly lower coefficient of variation than 1993 non-
gratified sampling (p < 0.05). For yellowfin sole, stratified sampling in 1996 formed the most
precise estimator, followed by dratified sampling in 1995 and, lastly, sampling with no
drdification in 1993. None of the yellowfin sole coefficients of variation differed significantly. In
the case of rock sole estimation, 1996 sampling was the least precise, with 1995 dratification
being the most precise and sampling with no dratification ranking in between. In this case, rock
sole coefficients of variation in 1993 and 1995 were both significantly lower than in 1996 (p <
0.05), but did not differ Sgnificantly from each other.

Since the only monitoring stratum chosen for rock sole in 1996 was stratum 4, it seemed
possible that the high coefficient of variation could be related to the small sample size (n=7).
When the rock sole mean estimate was made over dl 1996 dSrata, rather than the single
monitoring strata, the coefficient of variation decreased from 0.65 to 0.20 (Table 1-19). The 1996
coefficient of variation over al strata was higher than in 1995, but less than in 1993 and not
sgnificantly different than ether (Table 1-20). In this case, as with ydlowfin sole, no sgnificant
differences existed among any of the three years.

Egtimates of mean abundance and coefficients of variation were caculated over dl 1996
strata for each species (Tables 1-19-20). For flathead sole, the estimate over dl strata was less
precise than over the monitoring strata, but not significantly so. For Pacific hdibut, the coefficient
of variation over al strata provided a vaue for comparison with 1993 and 1995 results (Table I-
20). The 1996 al drata estimate for Pecific halibut was significantly greater than in 1995 (p <
0.05) and was less (but not significantly less) than in 1993. Since dl Strata were chosen as
monitoring strata for yellowfin sole, no estimations changed.

3.4 Analysis of interannual variability: Methods and results

3.4. 1 Methods

Three indices were constructed to discern interannua variations in abundance of each of the
four species. anine-site index, an al-steindex and a habitat index. The nine-site index was the
mean CPUE caculated over nine fixed Stes. The dl-gte index was the mean CPUE calculated
over dl stes sampled each year. The habitat index was the mean CPUE cdculated over dl stesin
apaticular habitat, “type’ specific to each species. The study area was divided into five habitat
“types’ defined by depth and by sediment characteristics (represented here by percent sand), since
each of the four gpecies were ditributed in relation to particular ranges of depth and sediment
characteristics (Norcross et a, 1995, 1997). The relationship between depth and sediment values
in these bays and the relationship between species’ digtribution and each of these physica
parameters determined the five habitat types used for the habitat index. The resultant habitat types
were: <30m and 0—40% sand, <30m and 41-80% sand, <30m and 81-100% sand, >30m and 0—
40% sand, and >30m and 41-80% sand. The habitat type sdected for each species was the habitat
type with the highest proportion of non-zero trawl catches.

A Kolmogorov-Smirnov D one-sample test for normadity was computed on the CPUE vaues
for each speciesin each year. For the nine-site index, each species’ distribution was tested for
normality across the nine sites For the all-site index, each species’ distribution was tested for
normdity across al dtes. For the habitat index, each species distribution was tested for normality
across all sites within the species-specific habitat type. Since the means and standard deviations of
the abundances being collected were estimated from the data (the Kolmogorov-Smimov test
assumes the mean and standard deviations are known, not estimated), Lilliefors probabilities were
cdculated dong with the Kolmogorov-Smimov D datistic. For each index, overdl normdity was
rgected if gpecies didributions were non-normal in any one or more of the sx individua sampling
years. If the species CPUE vaues were not normdly digtributed, the log transform (log [x+1]) of
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the CPUE vaues was aso tested for normdlity. Based on the results of the normality test, species
mean abundance was tested across years either with a parametric single factor andysis of variance
(ANOVA), if normd, or a non-parametric anadysis of variance by ranks (Kruska-Wallis test), if
non-normal. For species that showed significant differences among years (a < 0.05), a Tukey HSD
(honest sgnificant difference) test for unequa sample sizes was made to determine where the
differences in means existed (a < 0.05). Although the underlying assumptions of population
normality and homogenety of variance are only approximated in this sudy, the Tukey multiple
comparison test was used since it has shown to be robust with respect to departures from these
assumptions (Keselman, 1976)

3.4.2 Results

The nine permanent Sites were sampled at least once in dl Sx sampling years (Figure 1-26). In
cases where one of the nine sites was sampled more than once in ayear, CPUE vaues were
averaged over the number of tows at that Site and the averaged vaue was weighted as asingle
tow for the remainder of the nine-site andlysis (Table 1-21). Mean annud CPUE over the
permanent Sites was calculated for each species as the first indices of abundance (Figure 1-273).
The CPUE vaues, and the log transform (i.e. log [x+1]) of the CPUE vaues, showed sgnificant
departures from normdity for al four species, o the Kruska-Wallis test was used to compare
annua mean CPUE of rock sole, Pacific halibut, flathead sole and yelowfin sole. None of the
species had gatigicaly sgnificant differences among years when evauating across the nine
permanent sites (a= 0.05) (Statistica, 1995).

While random sampling for the al-ste index was gpproximated within the sampling design
congraints noted for each year, annud samples gill exhibited aregiond bias in particular years
due to weather and logistical constraints. In 1991, sampling Was concentrated at the head of
Kasn and Middle Bays and, for dl but nine tows that were taken from a chartered trawler, was
restricted to shalow regions due to vessd limitations. In 1992 the sample Size was considerably
smdler than in the other five years. A number of tows were conducted in the same Sitesas 199 1,
for continuity, and the remainder were extended into other shallow-bay regions (due to the same
vesH limitations) with a higher proportion of tows on gravel sediment than in the other five
years. Cam westher in 1994 dlowed sampling up to 110 m depth outside the mouths of both
Middle and Kasn Bays and dlowed a number of Sites to be trawled in the deep outer portion of
Kasn Bay. Sampling in 1993, 1995 and 1996 was characterized by a generd disperson of sites
across depths and sediments, with smilar sample sizes.

Mean annual CPUE for each species was calculated over all sites as the second index of
abundance (Figure I-27b). Like the permanent Site data, both the CPUE vaues and the log
transform (i.e. log [x+1]) of the CPUE vaues showed significant departures from normdity, so
the Kruska-Wadllis test was used to compare annua mean abundance of al four species. Rock
sole (p < 0.001) and Pecific hdibut (p < 0.001) showed sgnificant differences in mean aundance,
while flathead sole (p = 0.168) and yellowfin sole (p = 0.078) did not. Tukey pairwise
comparisons were made of rock sole abundances, indicating that the 1992 mean abundance was
significantly greeter than in 1991 (p < 0.001), 1993 (p < 0.001) and 1995 (p < 0.01); however,
rock sole abundance increased in 1996 and thus was not different than the high value in 1992. The
1994 mean abundance was significantly greater than the two lowest abundances, 199 1 (p < 000 1)
and 1993 (p < 0.001). For Pacific hdibut, Tukey pairwise comparisons indicated the high mean
abundances in 1994 and 1995 were significantly greater than thelow 199 1 (p < 0.00 1 for both)
and 1993 (p < 001 and p < 0.001, respectively) abundances.

For the habitat index, the CPUE vaues and the log transform (i.e,, log {x+1]) of the CPUE
values again showed significant departures from normality for rock sole, Pacific halibut and
ydlowfin sole. Kruskad-Wallis non-parametric andysis of variance tests were used to determine
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differences in mean abundance per tow between years. Interannual trends in abundance are shown
in Figure I-27¢. Rock sole (p < 0.01) and Pecific halibut (p < 0.0001) showed significant
differences in mean abundance, while yellowfin sole(p = 0.182 1) did not (Figure I-27¢). Tukey
pairwise comparisons were drawn for rock sole, indicating that the 1992 mean abundance was
sgnificantly greater than in 1991 (p < 0.05). For Pacific haibut, Tukey pairwise comparisons
indicated the mean abundance in 1994 and 1995 were sgnificantly greater than in 1991 (p < 0.001
and p < 0.01, respectively).

Unlike the other species, flathead sole was normally distributed each year (1991, p > 0.20;
1992, no samples; 1993, p > 0.20; 19%4, p < 0.15; 1995, p > 0.20; 199, p > 0.20) within the
chosen habitat type (> 30 m depth and 0-40% sand). As a result, mean abundance tested across
years with a parametric sngle factor andysis of variance (ANOVA) gave sgnificant results (p =
0.001) for interannual differences. Tukey pair-wise tests indicated that the flathead sole mean
abundance in 1993 was sgnificantly greater than in 1991 (p = 0.008) 1995 (p = 0.022) and 1996
(p = 0.004).

3.5 Discussion of survey design

Two objectives were addressed in the survey design analysis. The first was to determine
whether or not gratification by habitat parameters would increase the precision of abundance
indices for age-0 rock sole, age-0 Pacific hdibut, age-0 flathead sole and age-| yellowfin sole.

The second objective was to assess whether setting up habitat-based monitoring strata which
contained regions on the outer perimeters of each species geographica distribution range would
provide more precise and rdiable interannual monitoring estimates.

The results of this study indicate that ratification by habitat parameters does increase the
precision of the indices of abundance (Table 1-19). The comparison of 1995 data, calculated with
and without gratification, shows that for rock sole, flathead sole and Pacific haibut, sratifying by
habitat characteristics dramaticaly decreases the variability in the mean estimate. On the contrary,
the yellowfin sole mean esimate was dightly less variable when caculated without dratification,
but the difference is dight compared with the gains in precison for the other three species

The comparison of 1993 sampling (no dratification) with 1995 sampling (dtratified by depth
and sediment with the same number of samples in each stratum of each bay) and 1996 sampling
(stretified by depth and sediment with indices calculated for each species in species-specific
monitoring strata) yielded smilar results (Table 1-20). With two exceptions, the years of Sratified
sampling (1995 and 1996) consstently produced estimates with lower coefficients of variation
than the year of sampling with no Sratification (1993). The only case where sampling with
dratification ranked lower than sampling with no gratification was for 1996 rock sole samples.
The rock sole mean abundance caculated in 1996 was based only on stratum 4. As aresult, the
sample size for 1996 rock sole abundance consisted of only 7 samples, whereas rock sole samples
in 1993 and 1995 had 35 and 38 samples, respectively. When the 1996 mean estimator was
caculated over dl drata, the coefficient of variation was 0.196, a notable increase in precision
over the 0.253 no-dratification coefficient of variation (Table [-20). The other exception arose for
Pecific hdibut when the two dtrata selected as monitoring strata for hdibut in 1996, strata 1 and
4, conssted of 11 tows with no halibut caught. Again, when the 1996 mcan estimator was
caculated for Pecific hdibut over al drata, the coefficient of variation was 0.267, an
improvement over the 0.324 no-dratification coefficient of variation.

Using the all-strata 1996 estimates for rock sole and Pacific haibut, statistica results follow a
consistent pattern. For flathead sole and Pacific halibut, 1995 and 1996 dratified sampling surveys
were more precise than the 1993 non-dratified sampling survey, but only 1995 was significantly
0. For rock sole and ydlowfin sole, 1995 and 1996 sampling surveys again were more precise
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than in 1993, but for these species none of the comparisons produced significantly different
results.

In response to the two research objectives, stratification by habitat parameters does increase
the precison of abundance indices for age-0 rock sole, age-0 Pecific halibut and age-0 flathead
sole, while dightly decreasing the precison for agel ydlowfin sole. Setting up monitoring Strata
for each gpecies on the outer edges of their geographic distribution (the 1996 method of strata
salection and sample alocation) does not provide more precise and reliable interannual monitoring
edimates than dratification by habitat over dl regions. It is not possible to discern whether the
1996 sampling design produced less precise estimates of abundance than 1995 sampling due to
the reorganization and decreased number of strata (10 strata decreased to five Strata) or due to
the dlocation of samples within these strata. Gavaris and Smith (1987) suggest that, in generd, no
increase in precison will occur by dividing the sample area into more than Sx dratia Therefore, in
this stuation it is likely that the decrease in precison is due to the alocation of samples.

There are a number of reasons why the alocation may not have been successful. Firs, it is
possible that the species’ centers of abundance shift enough from year to year, despite the close
associaion with habitat type, to make finding the perimeters of geographic digtributions difficult.
Similarly, the use of variances from one year to predict the sample Szes in the next may be
unreliable since both within- and between-stratum variances can vary widely between years
( Sunderson, 1993; Pennington and Brown, 198 1). While this may be true, it is also recognized
that some gans in precison can be expected even when only rough estimates of within-stratum
variance are available (Gunderson, 1993). Another explanation is that a survey design this
intricate is not effective when sampling for multiple species and overlapping distributions. As
noted by Lenarz and Adams (1 980), in multi-goecies sudiesit is paticularly difficult to devise a
sampling design based on cog, area and abundance variability.

2.6 Discussion of interannual variability

The results of this study stress the importance of sample size and species digtribution
considerations on the choice and construction of abundance monitoring indices. While the low
sampling effort required for the nine-Ste index is favorable and abundance trends are amilar to
r10se determined in the other indices, no differences in abundance could be shown datistically.
\Vhile fixed-site monitoring designs with limited samples can suggest population trends, this study
indicates that it is unlikely that interannud variation in abundance can be determined with
confidence. The nine-gte index is vauable, however, since the fixed-dte design isolates the
+ aiation in annud aundance from the spatid variation due to changing sampling locations.

Required sampling effort was high for the dl-ste index, but this index discerned the greatest
number of annua differences for the most widely dispersed species, rock sole and Peacific halibut.
It was not able to discern differences, however, for flathead sole and yellowfin sole. Flathead sole
and yelowfin sole had the highest proportion of zero catches, which likely accounts for the
mconclusive results. For less-abundant or more-aggregated species, therefore, calculating an
1dex across dl sites (which includes expanses of unoccupied habitat) may not successfully detect
¢ hanges in abundance. While monitoring designs such as the al-gte index, which require high
lzvels of samplmg etiort, are codtly, interannua changes will likely be determined with confidence
(31 widely disper sed species. For less-abundant or morc-aggregated species, however, sampling
across dl Stes may mask sgnificant changes in abundance.

The habitat index was the only index to discern interannua changes in abundance for one of
the species with the highest no-catch rates, flathead sole. While there was no sampling in flathead
sole’s chosen habitat type in 1992, it is reasonable to assume that the 1992 abundance was even
higher than in 1993, based on the results of the other two indices. Y dlowfin sole, the species with
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the lowest abundance over the six-year period, gill did not show significant differences in annua
abundance. While it is possible that no changes in abundance occurred over the Six year period,
thisis unlikely, snce dl three indices show a decreasing trend over these years. The habitat index
only accounts for large aggregation patterns based on habitat “preferences.” It is possible that
variable aggregation patterns within suitable habitat, enhanced by the low population abundance,
have kept abundance changes from being detected. It is dso possible that a more closely defined
“habitat type’ could enable detection of interannua changes for this species. For rock sole and
Pecific hdibut, the habitat index shows fewer sgnificant differences among years than the dl-gte
index The decrease in sample szeislikely the reason for fewer differences.

In summary, monitoring interannua variations in abundance for multiple species may
necessitate using different indices dependent upon species digtribution and abundance. Sampling
across awide range of habitats, as done for the dl-gte index, should alow detection of population
changes for more widdly dispersed species. For highly aggregated species, however, ignoring
spatid patterns when usng CPUE data may lead to unrdiable abundance indices (Pdlletier and
Parma, 1994). Andyzing subsets of the same data set, when separated into “preferred” or
occupied habitat types, may indicate variations in aundance for more highly aggregated species.
Utilizing fixed dtesthat are sampled each year can provide a basdline to separate spatial and
tempord variahility.

Cdculating multiple indices when andlyzing trawl data sets, as was done in this sudy, isa
vauable practice when trying to discern annud variaions. While sampling in dl regions of the
sudy area, with randomization each year, would be theoreticaly ided, weether, cost and
logidicd condraints are a redity when carrying out a survey. Combining the information from
multiple indices can provide a degper understanding of the underlying recruitment changes amidst
the spatia varidions characterigtic of juvenile flatfish digtributions.
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Chapter 4. Influence of spatial, temporal and physical parameters on
abundance of juvenile groundfishes in Southcentral Alaska

by BrendaL.Norcross, Alisa A. Abookire, and Sherri C. Dressel

Abstract

The purpose of this study was to determine if two locations, Chiniak and Kachemak Baysin
Southcentral Alaska, which have some similar geologic festures and some digtinct physica
differences, support the same rdative abundance and compostion of juvenile groundfish
populations or if their differences can be explained by physica factors. Comparisons of physica
parameters and fish species composition and abundance in two successve years revealed smilar
species composition but significantly different abundance between the two locations. Depth was
{ he most important factor governing distribution and abundance of the species in these two
locations. The species were divided into shalow-water and deep-water groupings. The shallow-
water group (rock sole, walleye pollock, Pecific hdibut, Myoxocephalus spp., Pecific cod,
vellowfin sole, Gymnocanthus spp. and sturgeon poacher) was found in higher numbersin
(Chiniak Bay. The deep-water group (spinycheek starsnout, shortfin eelpout, dim sculpin,
spinyhead sculpin and rex sole) was in higher or equa abundance in Kachemak Bay than in
Chiniak Bay.

When physica parameters (i.e., depth, temperature, sdinity, % gravel, % sand, % mud,
organic matter and carbonate) were included as covariatesin a MANOVA, mogt differences in
abundance of species between locations were diminated. The locations were physicaly smilar
enough to support very smilar communities of groundfishes, yet different enough to support them
at different levels of abundance. This may have been further complicated by factors not measured
here. For example, we attributed the species distribution and abundance differences to the deeper,
more open structure of Kachemak Bay compared with Chiniak Bay. However, Kachemak Bay
was dso more heavily used by humans than the areas sudied in Chiniak Bay. The human effect is
a difficult parameter to measure, but one that must be taken into consderation when assessng and

safeguarding habitat.

4.1 Introduction

Southcentral Alaska has very dynamic oceanography and geology The Alaska Coastal
urrent (ACC) follows the coast of the Gulf of Alaska, sweeping from the northeast dong the
coast of Southcentral Alaska and bifurcating at Cook Inlet where it either flows north through
Kennedy Entrance into Cook Inlet or flows south dong the shelf east of Kodiak Idand. The fast-
moving ACC sweeps the Kodiak shelf and strong tidal currents move through Cook Inlet; each of
rhese currents has sgnificant mixing and transport effects. The entire area (Figure 1-1) including
Cook Inlet, Kenai Peninsula, Kodiak Idand and the Alaska Peninsulais affected by frequent
zarthquakes and volcanoes (Sykes, 1971; Hampton et d., 1979; McCann et a., 1980; Sykeset d.,
1980; Keinle et d., 1987) which contribute to sedimentation. Additionaly, the ACC supplies clay
ninera sediment from the Copper River, carying it northeast (Hein et al., 1979) to lower Cook
(nlet and the Kodiak shelf.

Recent research describes nursery areas of juvenile flatfishes in specific near-shore waters of
Southcentral Alaska relative to sediment and other physica factors. Around Kodiak Idand,
nursery areas for rock sole (Pleuronectes hilineatus), flathead sole (Hippoglossoides elassodon),
Pecific hdibut (Hippoglossus stenolepis) and yelowfin sole (Pleuronectes asper) are defined and
modeled based on depth, substrate, temperature and position within bays (Norcross et d., 1995,
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1997). In lower Cook Inlet, nursery areas for rock sole and flathead sole are defined by depth and
sediment type (Abookire and Norcross, 1998—Chapter 1 in this report); however, the addition of
ottom temperature did not refine the definition of habitat beyond depth and sediment
Jescriptions (Abookire, 1997). We will use smultaneous collections from these two locations to
sompare Smilarities and differences.

Chiniak and Kachemak Bays are gpproximately 125 nmi gpart in Southcentra Alaska, and are
separated by Shdlikof Strait, Kennedy and Stevenson Entrances and lower Cook Inlet, Chiniak
3ay, in northeast Kodiak I1dand, is a very large area, approximately 300 km?, with a roughly
‘ectangular shape (24 km wide x 15 km long). It opens to the northeast and is dominated by
winds. Within Chiniak Bay are three smaller fjords, Kalsin, Middle and Womens Bays, which are
»ffshoots to the southwest. Chiniak Bay is characterized by deep bays, rough bottom topography
ind strong wind-driven currents. Substraie varies with water depth, in that deeper, mid-bay areas
are mud; shallower, near-shore areas within bays are sand; and near-shore areas of outer bays are
zenerally rocky (Norcross et d., 1997). Kachemak Bay is equaly large at approximately 583 km®.
However, in contrast to Chiniak Bay, Kachemak Bay is much longer and narrower (39 km wide x
52 km Iong) is open to the eastern side of lower Cook Inlet and is partidly divided into inner and
outer regions by Homer Spit. Wind-generated currents have a great impact on the outer region of
Kachemak Bay, where the sediment distribution is a result of circulation petterns thet are
Jominated by two large gyresin the outer bay (Trasky et d., 1977). Inner Kachemak Bay is
dominated at dl depths by fine-grained, organic-rich bottom sediments due to the cam water
environment (Anonymous, 1977), and the shalow waters are predominantly mud (Abookire and
Norcross, 1998—Chapter 1 in this report). Sediments in outer Kachemak Bay are more variable.
3oulders auu cobbles predominate rrear-shore, shell debris occurs further out, and the centarur®
' he bay is silt and sand (Abookire and Norcross, 1998—Chapter 1 in this report). Circulation in
Kachemak Bay is dominated by tiddl flow. Tides there are as high as 7.8 m, while on the east
coast of Kodiak, tides are only 3.8 m.

The purpose of this study is to determine if two locations in geographica proximity, which
have some similar geologic festures and some digtinct physicd differences, support the same
relative abundance and composition of juvenile groundfish populations or if their differences can
he explained by physical factors. For the two locations, we compare physical parameters and fish
species composition. For the two locations in two successive years we examine species abundance
and the effects of physical parameters on the abundances. From the comparisons of these two
ireas, we determine whether a comprehensive description of fish habitat can be gpplied to
Southcentral Alaska.

4.2 Methods

421 Sample collections and processng

Samples were collected concurrently in Chiniak and Kachemak Bays in 1995 and 1996.
("hiniak Bay was sampled 3 1 July-10 August 1995 and 4-16 August 1996. Kachemak Bay was
sampled 1-9 August 1995 and 10-14 August 1996. August was chosen to maximize demersal
recruitment of juvenile flatfishes, for which it was shown to be optima (Abookire, 1997). The
sampling design for these areas maximiz ed depth and substrate combinations to study habitat for
juvenile flatfishes (Norcross et al, 1995 1997, Abookire and Norcross, 1998—Chapter 1 in this
report; Dressel and Norcross, Chapter 3 in this report).

In Chiniak Bay, sampling was concentrated within and just outsde of Kadsin and Middle
Bays, especidly in the shalow areas known to be flatfish nursery habitat (Norcross et al., 1995).
-n 1995, multiple samples were taken on the predominant sediment types (sand, muddy sand and
r»;andy mud) within each 10 m depth interva, composing ten strata for atotal of 38 stations and 46
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collections including replicates. The objective of this design was to establish cost and variance
esimates in each drata for each of the four species of flatfishes that have been sudied in this area
(rock sole, flathead sole, Pacific hdibut and yellowfin sole). In 1996, sampling was redllocated
into five strata and relative sample Szes were determined for each speciesin each stratum based
on the relative area within the stratum, the cost of sampling and the variance of the four target
species abundance (Dressel and Norcross, Chapter 3 in this report). A similar number of stations,
39, were sampled during 1996, with 43 collections including replicates. Stations outside Kalsin
and Middle Baysin Chiniak Bay proper could only be sampled in extremely good wegther, and as
aresult, deep or open stations were underrepresented in relation to Kachemak Bay sampling.

In Kachemak Bay, stations were aigned in three transects crossing the outer and inner bay.
The principa objective was to cover as many depth increments as possible, thus resulting in 41
gations at 10 + 2 m depth intervals on gradualy doping bottom where depth intervas could be
clearly defined (Abookire and Norcross, 1998—Chapter 1 in this report). Sites within Kachemak
included depths to 150 m and most were located in open bay waters. Due to steep bottom
topography, not al depth intervals could be sampled on each transect. Replicate samples were
collected when the weather permitted, for atota of 49 samplesin 1995 and 42 samplesin 1996.

Identicd sampling techniques and gear, with the exception of boats and people, were used in
Chiniak and Kachemak Bays. A modified 3.05 m plumb staff beam trawl with a double tickler
chain, 7 mm square mesh and 4 mm codend liner (Gunderson and Ellis, 1986) was deployed a
each station from a 7.6 m Boston Whaler in Chiniak Bay and a 9.3 mduminum Munsen skiff in
Kachemak Bay. Thistrawl is specifically designed for juvenile bottom fishes and has been shown
to be efficient for capturing flatfishes as small as 11 mm (Norcross et d., in prep.) All tows were
in the direction of thetida current for 10 minutes at gpproximately 50-100 m/s (1 .0-2.0 kts) in
Chiniak and up to 150 m/s (3.0 kts) in Kachemak due to the strong tidal currents. Start and stop
positions of each tow were recorded usng a slandard globa positioning system (GPS), and tow
depths were measured with a fathometer. All fishes were identified and counted in the field.
Catch-per-unit-effort (CPUE) was calculated by area sweypt, i.e., distance towed multiplied by
effective width of net (74% of beam width) (Gunderson and Ellis, 1986). and standardized to
number of fish captured per 1000 m?. All sampling was conducted during daylight hours. Total
length of fishes was measured and recorded to the nearest mm using an eectronic fish measuring
board. Because of the trawl design, almost all fishes were small and estimated to be ages-0 and -1.
Fishes that could not be identified in the field were frozen and returned to Fairbanks for positive
identification. If a fish could not be identified to species, it was listed as genus and “spp.” in the
results. It was usudly difficult to differentiate smal rock greenling from kelp greenling; therefore,
they are combined in a category called “rock or kelp greenling.” In the ranking of species, when
there was atie in abundance the same rank number was given to both species and the following
number was not used.

Also deployed at each station were a0.06 m® Ponar grab to collect sediment and a
conductivity-temperature-density profiler (CTD) to measure bottom temperature and sdinity. On
afew occasons, weather or mechanical problems prevented collection of sediment or CTD when
fish were collected. In 1995, the sudy design in Chiniak Bay focused on securing replicate
collections of fish within the same depth and sediment parameters; therefore, the number of
sediment samplesis less than the number of fish collections. Frozen sediment samples were taken
back to Farbanks for grain Sze andyss measured in Phi increments using the Seve/pipette
procedure (Folk, 1980), and classified according to the Wentworth scale: mud as CO.062 mm,
sand as 0.062-2.0 mm and grave as 2.0-64.0 mm (Sheppard, 1973). Percentage organic matter
content (C, CO-, H;0) in each sediment sample was determined by loss on ignition, i.e., the
percent weight lost when burned at 500°C for 2 hr (Dean, 1974; Bengtsson and Enell, 1988).
Organic matter was measured as a rough indicator of organic food available to fishesin the
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sediment. Similarly, percentage calcium carbonate (CaCOs) was the percent lost weight when
burned at 850°C for 2 hrs. The measured percent CaCOs isthe amount of CO; logt a this

temperature divided by 0.44, the fraction of CO, in CaCO; (Dean, 1974). Thus, the resulting
amount was multiplied by 2.273 to produce the total amount of CaCOj; logt from burning the
sample. This amount of cacium carbonate was used to indicate the presence of organic shells

(mainly mollusks) in the sediment. Data from multiple samples at a Sation were averaged for use
in sediment classfication.

422 Satigical analysis

Physca parameters, i.e., depth, bottom water temperature, bottom sdinity and sediment
characteristics were compared between locations and years by two-way anayses of variance
(ANOVA) using Statistica (StatSoft, 1995a, 1995b). Diférences between individual pairs of
factors were tested using a Tukey unequa N Honest Significant Difference (HSD) test using
Statistica (StatSoft, 1995). Significance values were set to p < 0.01.

Cluster analysis was used as an exploratory technique to separately examine groupings of the
most abundant fishesin Chiniak and Kachemak Bays. As our objective was to compare fish at the
two locations, fish from 1995 and 1996 at one location were considered together. Clustering was
performed using species abundances as variadles, i.e.,, grouping those species that occur together
in relatively equa proportions among Sites (Fargo and Tyler, 199 1). Hierarchical joining was used
to produce tree plots using Statistica (StatSoft, 1995). The tree clustering methods used
dissmilarities, or distance between objects, when forming clusters. For this andysis, we used the
most common type, Euclidean distance, which is the geometric distance in the multidimensiond
gpace. Ward' s method (Ward, 1963) was chosen for the amalgamation rule. This method uses an
andysis of variance approach to evauate the distances between clusters (StatSoft, 1995) and has
been used to andyze bottom fish assemblages on the western coast of the United States (Jay,
1996). As fisheries trawl catch data are non-normdly distiibuted among hauls (Pennington, 1983;
Smith, 1988; Jay, 1996), each variable was transformed by log (x + 1) to standardize catches,
minimize outliers and improve distance measures. In order to maximize the number of species
included in the andysis, the criterion set for incluson in clustering was that the species composed
more than 1% of the catch in at least one of the four cruises. This resulted in 27 species being
included in the analys's, of which two, rex sole and saffron cod, were captured in Kachemak Bay
only. The only exception to the 1% criteria was that the category Lumpenus spp., i.e., unidentified
Lumpenus species, which composed 1.43% of Chiniak 1996, was not included. There were three
specific species of Lumpenus, dender edblenny (L. fabricii), daubed shanny (L. maculatus) and
snake prickleback (L. sagitta), represented in higher percentages and we did not wish to lose
information by combining dl of them, yet incdluding unidentified Lumpenus species confused the
classfication results. To increase representation of gpecies for both locations, al three categories
of Triglops species were combined to one category. This was done because two species were
identified in Kachemak Bay, while in Chiniak Bay they were only classified to genus.

Dengties of the most abundant fishes, i.e., the pecies categories included in the cluster
analyses, were compared between locations, years with two-way ANOVAs. Their interactions
were also compared. All CPUE data were log (x + 1) transformed to correct for heterogeneity of
variance (Johnson and Wichern, 1992). Those species that had no significant ANOVA reallts, i.e,
were of equal abundance across space and time, were not analyzed further. For each species with
sgnificant ANOVA reaults, differences between individua combinations of year and locaion
were tested using a Tukey unequal N (HSD) test (StatSoft, 1995). This post hoc test was
gppropriate because the only a priori hypothesis was the null hypothesis, i.e, that dl collections
should be equal. Significance levels were set to p < 0.01. Results from these tests determined
which species would be retained for further analyses.
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To examine differences in gpecies abundance between locations, those species which had
datidticadly sgnificant differences in some year and location combinations were further examined
in relation to the physical factors that were measured with each collection. Because our purpose
was to investigate the factors affecting where the fish were present, we used, for each species,
only the station information, i.e., fish abundance and related physica factors, where the species
was present. For each species a 2-way ANCOVA/multiple regression was conducted using year
and location as independent variables and depth, temperature, sdinity, % gravel, % sand, % mud,
organic matter and carbonate as covariates by usng ANOVA/MANOVA in Statistica (StatSoft,
1995) Multiple regression and ANOVA calculating within-cells regression with covariates are
special cases of the general linear model and yield the same F value as they examine the
relationship between the covariates and the dependent variable without the independent variables
(StatSoft, 1995). A multiple regression of the dependent variable using standardized beta weights
of each covariate was calculated. Because the percentages of the three sediment parameters add
up to 100%, the beta weights and sgnificance levels are identical for dl of them; however, this
did not affect the ANCOVA. A Tukey Unequa N HSD test was calculated as a post hoc
ANCOVA test using only the gtations at which the species was present and compared to the
earlier results without the covariates. The Cel Means ANOVA Modd (Type I11) was calculated
by Statistica for linear combinations of call means as the sum of squares for different effectsin
design; in effect this tests the significance of partid correations by controlling for dl variablesin a
stepwise fashion (StatSoft, 1995). The means were examined using the effects of year, location
and their interaction, using an F test. Adjusted means, computed to compensate for covariates
being affected by between-groups factors, were aso caculated. Significance levels were set to p <
0.05.

4.3 Results

4.3.1 Physical comparisons

For most physical parameters, differences were apparent between Chiniak Bay and Kachemak
Bay (Table I-22). In Kachemak Bay, the sampling scheme took advantage of the range of depths
available as evidenced by the greater mean depth and range of samples. In Chiniak Bay, the
dtations were in shallower waters. Perhaps reflective of these shalower depths were the warmer
bottom water temperatures in Chiniak Bay. Kachemak Bay has more fresh water input than
Chiniak Bay as seen in the bottom sdlinity values and ranges. Sediment characterigtics dso
differed between the two locations. Chiniak Bay stations were about two-thirds sand and one-
third mud with a minor amount of gravel, while Kachemak Bay sations were gpproximately equa
in mud and sand, and had adightly higher percentage of gravel. Mean organic matter was dmost
twice as high in Kachemak Bay than in Chiniak Bay, and the amount of carbonate was four times
as high in Kachemak Bay samples.

Differences between years within the same location were found only for temperature and
sdinity (Table 1-23). Whereas there was no sgnificant difference in sdinity within the same bay
between years, temperature was sgnificantly warmer in 1996 than 1995 in Chiniak and Kachemak
Bays (Table I-24). Salinity was significantly different for all year and location combinations. In
both locations, significant within-location temperature increases occurred between 1995 and
1996. Temperatures in Chiniak Bay in 1996 were warmer than those of Kachemak Bay both years
(Tables 1-22-24). However, cooler temperatures in Chiniak Bay in 1995 were not significantly
different from temperatures in Kachemak Bay in either year. Mean sampling depth was
sgnificantly deeper in Kachemak than Chiniak Bay (Tables 1-23-24) and may account for the
temperature patterns. As expected, the between-year differences were not statistically significant
for any of the five sediment parameters, i.e., bottom type was a persstent characterigtic in the

1-44



same location over time (Tables [-23-24). However al sediment parameters except gravel were
highly significantly different between locations according to ANOVA  results. Closer examination
using the more conservative non-parametric Tukey HSD reveded no differences between any
location and year combination for mud, nor any sgnificant difference between Chiniak and
Kachemak 1996 percentages of sand (Table 1-24). Organic matter was highly significantly
different between Chiniak and Kachemak Bays for both years. Carbonate content was only
different between locations in 1995 (Table 1-24). No interactions between location and year were
sgnificant (Table 1-23).

4.3.2 Fish comparisons

A totd of 33,136 fishes composed of 80 species was captured during four cruisesin two
years (Table -25). Although approximately the same number of tows were made in each bay,
three times as many fishes were captured in Chiniak Bay than in Kachemak Bay in both 1995 and
1996. The dightly longer tow distances in Kachemak Bay yidlded fish densities gpproximately 4-6
times lower than in Chinigk Although the species composition was not identical, gpproximately
the same number of species were captured in the same location each of the two years. The total
lumber of gpecies per tow was less in Kachemak than Chiniak Bay. The top ten most abundant
species composed nearly 90% of the fish captured in Chiniak Bay each year, somewhat less (84%)
in Kachemak Bay in 1995 and much less (77%) in 1996. Although one-third as many fish were
saptured in Kachemak Bay, four-fifths as many species were captured (Table [-25).

Twenty species composed the top-10 most abundant species for al four cruises. Four top-10
species were common to al four cruises, and the cruises within Chiniak and Kachemak Bays each
shared seven top-10 species. Rock sole was the most abundant species in three of the four cruises,
while being ranked third in the other cruise (Table: 1-25). There were apparent outlicrs among the
top ten species. Sawback poacher (Sarritor frenatus)  was ranked number 9 in Chiniak in 1995,
was not captured in ChiniakBay during 1996, and was ranked rdatively low in Kachemak Bay.
Stout edblenny (Lumpenus medius), which was ranked number 8 in Kachemak Bay in 1995, was
saptured in extremely low numbers in 1996, and relatively low numbers both years in Chiniak
Bay. SHfron cod (Eleginus gracilis) which ranked fourth in Kachemak in 1996 was not collected
in any of the three cruises. Mogt other species had smilar abundance rankings within the same
bay. Applying the criterion for incluson of the most abundant species resulted in twenty-seven
species, including all twenty of the top- 1 G, being further examined by cluster analysis and 2-way
ANOVA.

Four broad clusters were produced for the fish of Chiniak Bay (Figure [-28). With the
exception of snake prickleback (Lumpenus sagitta) and sturgeon poacher (Podothecus

acipenserinus), thefirst cluster on the right, was composed of speciesin the top nine of both
years in Chiniak Bay, rock sole, Pacific halibut, Pacific cud (Gadus macrocephalus),  walleye
pollock (Theragra chalcogramma), Myoxocephalus spp. and ydlowfin sole (Table I-25). The
next two groupings, right to left, flathead sole, arrowtooth flounder (Atherestes stomias), daubed
shanny (Lumpenus maculatus), spinycheek starsnout (Bathyagonus infraspinata), northern
sculpin (Icelinus  borealis), sawback poacher, Gymnocanthus spp., Slender edblenny (Lumpenus
fabricii) and snalfishes (Liparididag), contained the remainder of the top 10 fishes and the next
most abundant species. The fourth group on the far left was dl the species which have abundances
<0.5%, except shortfin edpout (Lycodes brevipes) which was separately linked to the rest of the
group.

In contrast to Chiniak Bay, the clustering for Kachemak Bay (Figure -29) cregted five
groupings instead of four and divided the most abundant species into two groups, the first at the
far right and a fifth at the far left. The first cluster was similar to the first cluster in Chiniak Bay in
that it contained al top- 10 species with one exception, Myoxocephalus  sop. Both first groupings
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contained rock sole, Pacific halibut, Pecific cod, walleye pollock, Myoxocephalus SPp. and
ydlowfin sole. In Chiniak Bay hdibut was linked with the rock sole-Pacific cod complex, while in
Kachemak Bay it was more closely associated with the rest of the species in the group, especially
yellowfin sole. The species of fifth group, shortfin eelpout, spinycheek starsnout and flathead sole,
al rank within the top six of the species captured during the two cruises in Kachemak Bay. The
second grouping was mainly flafishes: arrowtooth flounder, Dover sole (Microstomus pacificus)
and rex sole (Errex zachirus). Of these, only arrowtooth flounder was in asimilar positionin
Chiniak Bay, which had no rex sole and very few Dover sole. The third grouping contained
Gymnocanthus spp., sawback poacher and Liparididae asin the third grouping in Chiniak Bay.
However, unlike Chiniak Bay, this was a rather large grouping containing Sx more species.
Northern ronquil (Ronquilus jordani) and snake prickleback, which were not grouped together in
Chiniak Bay, formed their own fourth group, second fiom the lefi. The mog griking Smilarity
between Chiniak and Kachemak Bay clusters was that the same species, rock sole and shortfin
eelpout, were a either end of the tree plots.

Differences in abundance of fish between years (Table I-26) were found by ANOVA for three
of the species examined, sawback poacher, snake prickleback and tadpole sculpin (Psychrolutes
paradoxus). Interaction between year and location was dso sgnificant for sawback poacher,
snake prickleback and dso for Pecific cod. The difference in abundance of fish between the two
locations, Chiniak Bay and Kachemak Bay, was significant for 19 of the 27 species examined. The
other eight species, flathead sole, dender edblenny, daubed shanny, Liparididae, Dover sole, stout
edblenny (Lumpenus medius) and saffron cod, showed no sgnificant differences among locations
and years and were not examined further (Table 1-26).

Mogt species had sgnificant differences among selected bay and year combinations, though
the results of the Tukey HSD tests reveded that two species, northern sculpin and northern
ronquil, had no differences (Table I-27). Although tadpole sculpin ranked exactly the samein
Kachemak Bay both years (#14) the dightly higher catch in 1996 was sgnificantly different only
from the zero catch in Chiniak Bay in 1995. Because of this minor difference for this species and
no difference for northern sculpin and northern ronquil, these three species were not evauated
further. Snake prickleback had sgnificantly higher abundances in Chiniak Bay in 1996 than ether
Kachemak or Chiniak Bay in 1995 (Table |-27). Sawback poacher, an outlier as noted above,
quite expectedly had significantly higher abundance in Chiniak in 1995 than in any of the other
three collections. Although arrowtooth flounder had somewhat smilar rankings in the two
collections in Chiniak Bay, only the higher abundance in 1995 was sgnificantly larger than the
collection either year in Kachemak Bay (Table 1-25). Six species, Pacific cod, spinycheek
starsnout, shortfin eelpout, dim sculpin (Radulinus asprellus), Spinyhead sculpin (Dasycottus
setiger) and rex sole, had significant differences between Chiniak Bay in both years and
Kachemak Bay in 1996 (Table I-27). For dl but Pacific cod this was caused by higher catchesin
Kachemak Bay in 1996 than in any of the other three collections, whereas the catch of Pacific cod
was much lower in Kachemak Ray in 1996.

Six species showed differences between locations for al time frames, but no differences
within location for any time frame: rock sole, walleye pollock, Pacific hdibut, Myoxocephalus
spp., yellowfin sole and Gymmnocanthus spp. (Table 1-27). Of these, the first five species were all
clustered in group 1, which contained the most abundant species, in Chiniak (Figure 1-28) and
Kachemak Bays (Figure 1-29). Gymnocanthus spp., the remaining species, was included in group
3in each bay. The only other species that had significant differences between locations for al time
frames was sturgeon poacher. Like the firgt six, the relative rankings of this species were amost
identica (Table I-25). However, unlike the other six species, the abundances of sturgeon poacher
were sgnificantly different between the two years of sampling within Chiniak Bay (Table 1-27).

[-46



4.3.3 Fish and physical interactions

Most differences were eiminated and other differences were changed by incorporating the
physical variables, depth, temperature, sdinity, % gravel, % sand, % mud, organic matter and
carbonate, in an ANCOVA test for each of the 16 species of fish which had significant differences
in abundances across location and years combinations (Table I-28). Whereas previoudy rock sole
and shortfin eelpout had been different between locations (Table 1-26), their differences were
eliminated by the incorporation of physica variables and replaced with differences between years.
Previoudy, snake prickleback had significant differences for year, location and the year-location
interaction (Table [-26). Incorporating physical covariates reduced the differences to just year and
interaction (Table 1-28). The only two species that Hill had sgnificant differences in location, even
with the incorporation of covariates, were spinycheek starsnout and dim sculpin. Without
covariates, only location was different for these species; with covariates both location and year
were ggnificantly different.

In an atempt to understand the effect of the physical covariates on the ANCOVA results,
multiple regressions using covariates were examined Regregsinn coefficients were significant for
six of the 16 species, three of which, rock sole, snake prickleback and dim sculpin, aso had
sgnificant differences between yearsin the ANCOVA (Table I-28). Rock sole had the highest
sgnificance and dso was the only fish species for which four of the covariates were sgnificant:
depth, temperature, organic matter and carbonate. For snake prickleback, the sediment
parameters were significant factors, while for sim sculpin sainity and organic matter were
sgnificant. Three other species, which did not have sgnificant ANCOVAS, had significant F
vaues for the multiple regresson. Depth was a significant covariate for Pacific cod and ydlowfin
sole. Pacific halibut however did not have any significant covariates. Two species, spinycheek
starsnout and shortfin eelpout, that had significant ANCOVAs did not have significant regression
coefficients (Table 1-28). Of those, no covariates were significant for shortfin eelpout, while
sdinity was sgnificant for spinycheek star-snout. Severd species had significant covariates but no
regression coefficients. Depth was significant for walleye pollock and Myoxocephalus spp.
Sdinity also was significant for Myoxocephalus pp. as well as for sturgeon poacher. Organic
matter was significant for Gymnocanthus spp. and rex sole. The covariates did not explain much
of the variance, as the R? was very low (0.12-0.39) for al species except dim sculpin (0.54).
Therefore, predictive multiple regression equations based on physical factors were not developed.

To determine the effect of physcd variables as covariates on the resulting differences in
abundances among location and year combinations, Tukey HSD tests were carried out after the
ANCOVAs. When results for the 16 species were directly compared with the previous results
without the incorporation of covariates (Table 1-27), twelve species no longer had significant
differences (Table 1-29). Snake prickleback, which previously had three significant differences,
was reduced to two. Pecific halibut differences were reduced from four to three. Rock sole
retained dl four of its differences. The level of sgnificance for each of these was reduced by one
order of magnitude. Arrowtooth flounder increased its number of significant comparison from
two to three, adding Chiniak 96-Kachemak 95.

4.4 Discussion

Chiniak Bay had a greater abundance of fish than Kachemak Bay in both years of the study.
However, the dramatic differences initidly suggested mostly disappeared when the effect of
physical variables as covariates was consdered. Thus, the difference in physical characteristics
between the locations resulted in these locations supporting unequal numbers of juvenile
groundfishes. A greater number of deep stations were sampled in Kachemak Bay than in Chiniak
Bay. In dl cases, the mean depth range for species in Kachemak Bay was deeper than for the
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same speciesin Chiniak Bay. Thus, it appears that the distribution of a fish species was affected
by the selected depth range, and perhaps limited by the availability of that depth range. Depth and
temperature are highly correlated (Norcross et d., 1995, in review), and the effects of one often
account for the effects of the other. It isfortuitous thet the interannud difference in bottom
temperatures found in this study made it possible to separate the effects of these factors. Both
bays had warmer bottom temperatures in 1996 than in 1995. For al species the mean
temperatures a which they were collected in Kachemak Bay in 1996 was warmer than the
temperatures a which they were collected in Chiniak Bay in 1995. There was no linear
relationship among mean bottom water temperatures and fish abundances across the four cruises,
indicating that temperature was not the prime factor affecting distribution or abundance of these
species and that depth needs to be examined.

For six species, walleye pollock, Myoxocephatus spp., Pacific cod, yellowfin sole,
Gymnocanthus spp., and sturgeon poacher, for which significant differences were negated by
incluson of physicd covariates, and for two species that continued to have sgnificant differences,
rock sole and Pacific hdibut, the abundance was higher, the number of stations a which the
species was captured was higher, and the mean depth of capture was lessin Chiniak than
Kachemak Bay (Table 1-30). One other species that till had significant differences, snake
prickleback, was aso captured at more stations and shalower depths in Chiniak Bay; however,
while snake prickleback abundancein Chiniak Bay in 1996 was higher than in Kachemak Bay, it
was lower in 1995. These nine species essentidly form a shalow-water grouping. A tenth species,
sawback poacher, was aso characterized as a shalow-water type. Though sawback poacher was
captured at alow number of ations in Kachemak Bay, it was captured at an inconsstent number
of stations during the two years in Chiniak Bay (Table 1-30). This shalow-water group was
collected at an average depth of 26 m (13-28 m ) in Chiniak Bay, which is conggtent with the 24
m average depth of the stations sampled (Table [-22). However, dl of them were collected at a
deeper range of depths (26-56 m) in Kachemak Bay. There was awide range of discrepanciesin
the depth of capture at the two locations. Rock sole were caught, on average, only 7 m deeper in
Kachemak Bay, while sturgeon poacher were caught 30 m deeper (Table I-30). Though the latter
Is congstent with the average collection depth of 58 m in Kachemak Bay (Table 1-22), the other
nine species, while captured in degper waters than in Chiniak Bay, were found in waters much
shallower than average for the collection.

Conversdy, five other species for which significant differences were negated by inclusion of
physica covariates (spinycheek starsnout, shortfin eelpout, dim sculpin, spinyhead sculpin and rex
sole) display the opposite trends; i.e., they were captured a more stations and at deeper depthsin
Kachemak than in Chiniak Bay (Table I-30). However only three of these, dim sculpin, spinyhead
sculpin and rex sole, were captured in higher numbersin 1995 and 1996 in Kachemak Bay. The
five species were captured at 44-60 m in Chiniak Bay and 57-86 m in Kachemak Bay. The only
overlgp was two callections for dim sculpin in which the depths were equd; otherwise, dl species
of the degp-water grouping were captured in deeper water in Kachemak than in Chiniak Bay, as
was aso found for the shdlow group.

The one remaining species does not exactly fit one of the patterns of shallow-abundant-
Chiniak or deegp-abundant-Kachemak, but as with al the other species, their mean depth of
capture was less in Chiniak Bay than in Kachemak Bay. Arrowtooth flounder was found at
intermediate depths (37 m in Chiniak; 57 m in Kachemak). The average catch of arrowtooth
flounder was higher in Chiniak Bay, dthough the number of gations at which arrowtooth flounder
were captured was similar to the number in Kachemak Bay. Other groundfishes (flathead sole,
dender edblenny, daubed shanny, snailfishes, Dover sole, 77iglops spp., stout eglblenny, and
saffron cod) showed no significant differences between locations and thus were not evauated for
depth  preferences.
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Depth is a determinant of distribution of juvenile flatfishes around Kodiak Island and in Cook
Inlet. Asin the present study, rock sole are rlatively shallow-water species in bays around
Kodiak Idand (Norcross et d., 1995, 1997) and in Kachemak Bay (Abookire and Norcross,
1998—Chapter 1 in this report). However, rock soleis a ubiquitous species and is found in
deeper watersin Sitkinak Strait at the south end of Kodiak Idand (Chilton, 1997) and when
modded (Norcross e d., in review). In agreement with the present findings, Pacific haibut are
¢ asdfied as a shalow-water species (Norcross et d., 1995, 1997; Chilton, 1997; Abookire and
Norcross, 1998—Chapter 1 in this report). Likewise, yelowfin sole are found in waters < 30 min
other studies (Norcross et a., 1995, 1997, in review). Arrowtooth flounder are in deep (65 m)
water in Stkinak Strait (Chilton, 1997), perhaps indicating that they should be classed with the
deep-water fish grouping here.

These proposed shallow- and deep-water groupings correspond rather closely to the results
of the cluster analyses (Figures 1-28-29). The first grouping on the right side for each bay was
composed  of shalow-water fishes while the grouping on the left Sde of each was deep-water
fishes. This is in agreement with an andys's of community structure of juvenile demersa fishes
aound Kodiak Idand (Muter and Norcross, in preparation). In that study the first index
summarizing different agpects of community compostion is related to the depth-temperature
gradient. Mogt of the fish on the right Sde of our cluster andlysis, rock sole, Pacific hdibut,
Pacific cod and Myoxocephalus pp. were negatively correlated with depth, while the fish on the
leftside, shortfin eelpout, spinycheek starsnout, rex sole and spinyhead sculpin, were positively
correlated with depth.

Examining other parameters by depth grouping reveded that four of the nine species in the
shallow-water group, rock sole, halibut, Pacific cod and Gymnocanthus spp., were collected on a
higher mean percentage of sand than mud or gravel for al four cruises. Three species, pollock,

y dlowfin sole and snake prickleback, were found on higher or nearly equa mean percentages of
sand, and two species, Myoxocephalus  §pp. and sturgeon poacher, were on higher percentages of
sand for three cruises, and higher percentages of mud for one cruise.

Sediment is an important factor determining the ditribution of juvenile flatfishes around
Kodiak Idand (Norcross et d., 1995, 1997; Chilton, 1997) in Kachemak Bay (Abookire and
Norcross, 1998-Chapter 1 in thisreport) and on the Alaska Peninsula (Norcross et d., in
review). Rock sole prefer sand and mixed sand substrates (Moles and Norcross, 1995; Norcross
et d., 1995, 1997, in review; Chilton, 1997; Abookire and Norcross, 1998—Chapter 1 in this
report).  Although the mean percentages of sand on which rock sole were collected for these four
cruises (Table I-30) differ across area and time, sand was away's the sediment component with
the highest percentage. Like rock sole, Pacific halibut prefer mixed sand subdtrates, hdibut's
ssdimat preference ranges from muddy sand in laboratory tests (Moles and Norcross, 1995) to
mixed sand in field collections (Norcross et a, 1995, 1997) and coarse sand in exposed areas
(Chilton, 1997). In the present study, the mean percentage of sand was higher than that of mud,
and equd to or higher than the percentage of sand on which rock sole was found. Pacific cod and
Cymnocanthus ~ §op. were aso found on higher mean percentages of sand in dl four cruises, while
walleye pollock, ydlowfin sole and snake prickleback were on higher percentages of sand or, for
one of the four cruises, on percentages approximately equal to those of mud. Yellowfin sole are
found on substrates composed of sand, mud and gravel (Moles and Norcross, 1995; Norcross et
a.., 1995, 1997) and in this study were found on a higher mean percentage of sand in most of the
cruises, with alow leve of gravel in dl but one cruise. Though ydlowfin sole is likely to be found
on muddy gravel or gravelly mud substrate (Norcross et d., 199), their abundance was lowest in
Kachemak Bay in 1995 when the mean sediment value contained a high percentage of gravel and
cubonates. In Kachemak Bay in 1995, ydlowfin sole had alower abundance, distributed over a
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higher number of stations, than in 1996; this may be attributable to the mean depth of capture (30
m) since yellowfin sole prefer depths lessthan 28 m (Norcross et d., 1997).

There did not appear to be a pattern in distribution of mean sediment between these locations
to account for the differences in pecies abundance and ditribution. Only spinycheek star-snout
and dim sculpin were on less sand and more mud in Chinigk Bay than in Kachemak Bay during
both years. They were aso collected at 2-14 times as many stations in Kachemak Bay; however,
mean abundance vaues per station did not relate to these trends. In al other cases, there appeared
to be a broad range of mean sediment values a which the fish were collected, dthough there were
high percentages of grave in 1995 in Kachemak Bay collection stes for rock sole, pollock,
Myoxocephalus  spp., yelowfin sole and sawback poacher. In both 1995 and 1996, there was a
high percentage of gravel in sediments where Pecific cod was collected in Kachemak Bay.
However, there is nothing remarkable about the percentages of gravel, sand and mud on which
snake prickleback were collected to explain why sediment was sgnificant in the multiple
regresson andyss. Higher carbonate values in Kachemak Bay indicate that some of the gravel
subgtrate in that location may actudly be shell hash. As organic matter is a proxy indicator of
availability of food, it is incongruous that the location that consistently has lower organic matter
in the sediment, Chiniak Bay, aso has higher abundances of fishes.

The only other covariates that showed patterns were organic matter and carbonate. Organic
matter and carbonate were consstently higher at sations in Kachemak than Chiniak Bays (Table
[-22). The dtations associated with the species captured in shallower water, especidly in Chiniak
Bay, gppeared to have less organic matter, which seemed to increase in the stations associated
with the fish captured in deeper water (Table 1-30). The higher levels of carbonate found in
Kachemak seemed to deui edse walrdegdas v noctd 1t 1Wwidvers 'or Utlinax' - Say.

It was hdpful to specificaly examine those fishes that retained some sgnificant differences
with the indusion of covariates. Pacific hdibut retained sgnificant differences in three of four
year-location combinations. The abundance of Pecific haibut in Kachemak Bay in 1995 was quite
low compared with their abundance on to dl other cruises. The sediment was predominantly sand,
asin Stkinak Strait (Chilton, 1997), and the percentage was well above the 35% necessary for
age-0 halibut to inhabit open bays (Norcross et d., in review). However, for the Kachemak 1995
cruise, the mean depth of capture was 56 m, much deeper than the lower depth limit of 40 m for
halibut around Kodiak Idand (Norcross et d., 1995, 1997; Chilton, 1997). The comparatively low
catches of halibut in Kachemak Bay in 1996 may be atributable to the greater mean depth of
capture. Though the mean depth was shdlower than the apparent acceptable range (to 40 m) for
halibut, it was degp in comparison with Chiniak Bay. In Sitkinak Strait, haibut are most abundant
a 20 m (Chilton, 1997), a value congstent with the shallow depths seen in Chiniak Bay. Thus it
gppears that depth is a governing factor in the abundance and distribution of haibut.

Arrowtooth flounder not only retained the significant differences between the high
abundances in Chiniak Bay in 1995 and those of Kachemak both years, but with the inclusion of
the covariates there was dso a sgnificant difference between Chiniak 1996 and Kachemak 1995.
Digtribution of arrowtooth flounder has been linked to sediment (Norcross et d., in review) and
depth (Chilton, 1997). In this study arrowtooth flounder in Chiniak Bay were 20 m shdlower than
in Kachemak Bay, though the 60 m depth of Kachemak Bay is in agreement with the depth
digribution of arrowtooth flounder in Sitkinak Strait (Chilton, 1997). Sitkinak Strait is an open
area with a geomorphology more smilar to Kachemak Bay than to Chiniak Bay; no depths
between 20 and 55 m were sampled there for comparison to Chiniak Bay. Arrowtooth flounder
are likely to be found on mixed substrates with less sand (Norcross et d., in review), thus the
reduced percentage of sand may explain the high abundance of arrowtooth flounder in Chiniak in
1995. Less conclusive was the dightly reduced percentage of gravel in Kachemak in 1995, which
may have affected the abundance of arrowtooth flounder.
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The most difficult fish to explain was also the most abundant one, rock sole. It was found at
amost double the dendity at more than twice as many gtationsin Chiniak Bay than Kachemak
Bay. Although rock sole abundances were sgnificantly different among al four year-location
combinations, there was nothing remarkable about the values of the physical parameters to explain
these differences, The mean depth of capture for rock sole in both locations was less than 28 m,
asaround Kodiak Idand (Norcross et d., 1997). Rock sole in both locations appeared to prefer
warm mean temperatures (Table 1-30). Other research around Kodiak 1dand in 1991 and 1992
reports that rock sole inhabit waters warmer than 8.7°C (Norcross et d., 1997). Mean sdinity
vauesin this study cover a very broad range, but are consstent with rock sole being found at
sinity lessthan 32.1 PSU (Norcross et al., 1997). Rock sole are associated with sand (Norcross
et a., 1995) and muddy sand substrates {Norcross et ., 1997) around Kodiak Iand, as found in
Chiniak Bay and Kachemak Bay in 1336. However, the catches in Kachemak Bay in 1995 were
on a high mean percentage of gravel, a substrate not usualy preferred by rock sole (Norcross et
d., 1995). This was coincident with the only cruise in which rock sole did not rank as the most
abundant species. * The mean carbonate content of the sediment was much lower for Chiniak Bay
than for Kachemak Bay, a result which may have affected the distribution and consequent
abundance of rock sole, dthough no previous studies have examined this parameter. Rock sole
were found on sediment of lower organic content in Chiniak Bay than Kachemak Bay, which was
consstent with the availability of that parameter. Rock sole were found at 82-84% of the dations
sampled in Chiniak Bay and 33-40% of the stations sampled in Kachemak Bay, which may be
atributable to the depth ranges of stations sampled in each location. Rock sole are rather
ubiquitous in their distribution, and their depth of capture ranges tn 50, 60 (Narcross et al , 3 995,
1997, in review) or even 75 m (Chilton, 1997), readily exceeding the 18 m average found in
Chiniak Bay. We hypothesize that the lack of availability of shdlow watersin Kachemak Bay and
the 7 m difference in average depth of capture was important in determining the broader
digtribution and increased abundance of rock sole in Chiniak Bay.

Examination of the abundance means, adjusted with the incorporation of the covariate effects
shows that for eight species of the shallow-water group (rock sole, waleye pollock, Pacific
hdibut, Myoxocephalus spp., Pacific cod, yellowfin sole, Gymnocanthus spp. and sturgeon
poacher) the vaues for the two locations were brought closer together by reducing abundances
for Chiniak Bay and increasing abundances for Kachemak Bay. One of the speciesin thedeep-
water group, spinyhead sculpin, responded smilarly with the vaues for Chiniak Bay decreasing
and those for Kachemak increasing; however this resulted in the adjusted means for the two
locations being farther apart. Three of the speciesin the deep-water group, spinycheek star-snout,
shortfin eelpout and dim sculpin responded in the opposite way; i.e., the adjusted means for
Chiniak increased while those for Kachemak decreased, and again the result was further
separation between the mean abundances in the two locations. Snake prickleback and arrow-tooth
flounder did not follow any pattern in the increase or decrease of adjusted mean in rdaion to
location. While their numbers changed, the spread of vaues across locations stayed relatively
constant.

We conclude that physica factors do affect the digtribution and abundance of the juvenile
groundfish species studied in these two locations. The locations are physicaly smilar enough to
support very smilar communities of groundfishes, yet different enough that they are not
supported a the same leve of abundance. Depth was the most important factor governing
distribution and abundance of the groundfishes in these two locations, dividing the species into
shalow and degp-water groupings. Though there were interannud differences in temperature,
temperature was not a prime factor affecting distribution or abundance of these fishes. This may
have been further complicated by factors not measured here. For example, we attributed the
differences to the deeper, more open structure of Kachemak Bay compared with Chiniak Bay;
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however, Kachemak Bay is aso more heavily used by humans than the areas studied in Chiniak
Bay. The human effect is a difficult parameter to measure, but one that must be taken into
congderation when assessng and safeguarding habitat.
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Chapter 5. Investigation of benthos and flatfish diets at one site in
Kachemak Bay

by Brenda A. Holladay and Brenda L. Norcross

5. I Introduction

Feeding drategy and diet are directly responsble for fish growth and consequent surviva to
meaturity. Some researchers consder food to be the most important factor governing recruitment
of juvenile fishes (e.g., Toole, 1980; Gibson, 1994). However, other researchers (Reichert and
van der Veer, 199 1; van der Veer et a., 199 1; Hallaracker et d., 1995) conclude that growth of
juvenile flatfishes is related to habitat characteristics and is strongly dependent upon temperature
rather than possble food limitation. Depth of water is frequently related to the benthic community
composition of invertebrates and vertebrates (Pearcy, 1978). A size-depth segregation of juvenile
flatfishes may assst with the reduction of intra- and interspecific competition (Toole, 1980).
Rogers (1992) found it more appropriate to describe the nursery area of sole (Solea solea L.)
based on factors associated with the sediment structure rather than on the type and quantity of
benthic invertebrates available. Many studies rdae juvenile flatfish distribution to a preference for
sediment type (e.g., Moles and Norcross, 1995; Norcross et d., 1995, 1997). Preference for a
specific habitat component, such as sediment type, may be atributed to an indirect and often
unmeasured link to abundance of preferred food items (Jager et d., 1993). Benthos community
zonaion and sediment grain size can be highly correlated with each other (e.g., Fres et d |, 1983)

Depth, sediment and temperature, three environmentd factors which are linked to benthic
community distribution, have been analyzed extensvely relative to flathead sole and rock sole
distribution and abundance in Kachemak Bay (Abookire and Norcross, 1998—Chapter 1inthis
report, Chapter 2 in this report). These analyses provide a solid foundation for subsequent diet
examination. Under separate funding (CMI Task Order 14278), the diets of flathead sole and rock
s0le, the most abundant flatfishes in Kachemak Bay, are being evduated in relation to Sze of fish,
digtribution of fishes with respect to physica characterigtics (depth, substrate), seasondity in
digtribution of fishes and co-occurrence of fish species.

The objectives of the present research were to examine the diets of flatfish and the benthic
taxonomy from one collection in Kachemak Bay, and to establish a preiminary database of flatfish
diet and benthos for this region.

5.2 Methods

Benthic fauna and the somach contents of concurrently collected juvenile flatfishes, i.e,
arrowtooth flounder, flathead sole, Pacific halibut, yellowfin sole and rock sole were examined
from asingle collection Ste during a September 1994 cruise in Kachemak Bay (CI9401). This Ste
was consecutive station #37, located at 30 m depth dong the McDonald Spit transect within
Kachemak Bay (Appendix Il1-l : CI9401 cruise report). A profile of temperature and sdinity
profiles was obtained at the Site with a portable CTD, and the substrate was sampled with a Ponar
grab. See Appendix 11- 1 for more specific collection methods. Approximately haf of the substrate
grab was frozen and underwent grain size andysis in the laboratory (Appendix 11-2). The other
half was seved through a1 mm screen and preserved as a benthos sample in 10% formdin, which
was changed to 50% isopropyl acohol before taxonomic |aboratory anayss.

The importance of each prey taxon in the benthos was caculated using an equaion smilar to
that of the IRI (Pinkas et a., 1971), in which the proportional importance = (N + W) * 50, where
N = percent number of prey and W = percent weight. The benthos was examined to provide a

1-53



biological description and an estimate of prey taxa available to flatfishes at the study site.
However, the esimate of prey availability provided by benthic taxonomic analysis was of limited
gpplication, ance epibenthic animas were not adequately represented in the collections by Ponar
grab, and epibenthic crustaceans contribute largely to the diet of juvenile flatfishes (Toole, 1980;
Holladay and Norcross, 1995h).

Diets were examined for interspecific comparison of five species of flatfishes captured at
CS#37 and for comparison with the benthos. Proportiona indices of relaive importance (pIRI)
were caculated for each predator, in which pIRI = (%N + %W) * %F, where N = number of
prey, W = weight of prey and F = frequency of fish consuming the prey (Pinkas et al., 1971). The
proportiona importance of each taxon in the benthos was caculated as (%N + %W) *50.

Percentage similarity between the diets of each two predator species and between each
predator species and the benthos was examined using a percentage overlap index caculated as
follows (Renkonen, 1938, ascited in Krebs, 1989):

n

ny = [ > (mrlm_m P, pyi) ] 100

where P, = percentage overlap between species x and v;
P« and pyi = proportiond weights of prey i in the diets of species x and 'y, respectively;
and n = total number of resource states.

The percentage overlap can range in vaue from 0 to 100%. A vaue of 0% indicates no dietary
amilarity, and a vaue of 100% represents complete dietary overlap in which al prey are found in
equal proportions for both predators. Separate indices were caculated using resource taxa a the
level of family, and dso to the most specific taxonomic level possible.

5.3 Results

The physicd parameters measured at CS#37 included bottom temperature (9.5°C), bottom
salinity (30.3 PSU), dcpth of tow (3 1-33 m), % gravel (0), % sand (72), % mud (28) ad
substrate type (muddy sand). Flatfishes captured at CS#37 included arrowtooth flounder (N =
15), flathead sole (N =15), Pacific hdibut (N = 11), yellowfin sole (N = 60), rock sole (N =10 1)
and English sole (N = 6). A subset of those fishes smdler than 200 mm totd length was retained
for somach content analyss.

Diets of dl 69 fishes retained for somach content analysis were examined (Table 1-3 1, Figure
[-3 0). Arrowtooth flounder (N = 15) consumed primarily mysids (8 1%) and to a much lesser
extent shrimps (Decapoda, 9%) and rock sole (6%). Flathead sole (N = 1) consumed only
bivaves (100%). Pecific hdibut (N = 11) consumed shrimps (Decapoda, 94%). Y dlowfin sole (N
= 38) had the most varied diet, consuming bivalves (45%), polychaete worms (28%) and brittle
stars (Ophiuroidea, 18%). Rock sole (N = 4) ate bivalves (67%) and amphipods (28%). Different
bivaves were consumed by different flatfish Species.

Bivavia was the dominant taxon in the benthos in terms of numbers, biomass and
proportiona importance (55%) (Table 1-32, Figure 1-30). Lesser importance was attributed to
gastropods (21%), polychaetes (20%) and crustaceans (Amphipoda, 3% and Cumacea, 1%).

Percentage overlap between the indices of pIRI of each two species, and between the index
of pIRI of each predator species and the index of proportional importance of the benthos, was
determined (Tables I-33 and 1-34). We concluded that examinations of percentage overlap & the
taxonomic level of family (Table 1-33) condituted an atificidly inflated view of the amilarity
between prey resources. The overlap, caculated usng the most specific taxonomic levd the
resource could be identified to (Table 1-34) was a more accurate measure of the degree to which
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predators are competing for the same prey species. The highest diet similarity was between
yelowfin sole and the benthos (35%, Table 1-34). There was very little dietary overlap between
pairs of predators (O-12%, Table I-34). The largest overlap between predators at CS#37 was
between arrowtooth flounder and Pecific hdibut (12%, Table 1-34).

5.4 Discussion

Arrowtooth flounder consumed primarily mysids in the present study as wel as in sudies
near Kodiak Idand (Norcross et a., 1993). Flathead sole, yellowfin sole and rock solein the
present study relied heavily on bivalves. Near Kodiak Island, the diets of these predators included
more crustaceans (65-95%) than bivaves (0-12%) (Holladay and Norcross, 1995b). Pecific
haibut in the present study consumed primarily crustaceans in the taxon Decapoda. Age-O halibut
near Kodiak also consume crustaceans, but mysids and gammmarid amphipods are more important
than decapod shrimps near Kodiak (Holladay and Norcross, 1995a). The differencesin diet
between Kachemak Bay and Kodiak Idand may be an artifact of the number and Sze of fishes
examined in Kachemak Bay. For example, the age-0 hadibut examined here are larger than the
age-0 halibut examined in Kodiak. Holladay and Norcross (1995a) have identified an ontogenetic
shift in the diet of age-0 hdibut as the predator increases in Sze. To make an accurate comparison
of diets between two regions, fish of smilar sze should be compared.

Diverse diet indicates opportunigtic feeding (Kravitz et d., 1977), and ydlowfin sole
gppeared to be the most opportunistic predator examined at this Site. This may be an artifact of
the large number of yellowfin sole in relation to the number of other flatfishes examined.

The diets of mogt flatfishes were dissmilar to the available infauna. The leves of diet overlap
are very low compared with those found in Kodiak, where Holladay and Norcross (1995b) have
noted diet overlap between groups of flathead sole, Pacific halibut, yelowfin sole and rock sole
generaly ranges between 30 and 50%.

These data, which represent a preliminary examination of the diets of juvenile flatfishes and
benthic taxonomy in-Kachemak Bay, are from a single collection site and time; they are therefore
of limited gpplication and should be used only with caution.
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DISCUSSION

Nursery habitat characterizations

Nursery habitat was identified and characterized for the numericaly dominant flatfishes, i.e,
ages-0 and 1 flathead sole and ages-0 and 1 rock sole in both Kachemak and Chiniak Bays, and
additionaly age-0 Pacific hdibut and age-l yellowfin sole in Chiniak Bay. When habitats in
Kachemak and Chiniak Bays are compared with summer (August) habitats in other regions of
Southcentral Alaska, there appear to be regiona differences in the physica parameters which
define habitats.

In Kachemak Bay, flathead sole habitat was defined primarily by depth and substrate; age-0
flathead sole were found at 40-60 m depth and age-| flathead sole were found at 40-80 m depth.
Both ages of flathead sole were on mixed mud substrates in Kachemak Bay, and age-| were dso
Found on muddy sand. Although models of age-O flathead sole habitat around Kodiak (Norcross
st d., 1997) and the Alaska Peninsula (Norcross e d., in review) include temperature, the
addition of bottom temperature to descriptions of ages-0 and 1 flathead sole habitat in Kachemak
Bay did not refine the definition of habitat from descriptions based solely on depth and sediment.
Depth and substrate were also used to describe flathead sole habitat in our survey for interannua
abundance in Chiniak Bay. In Chiniak Bay, age-0 flathead sole were found in regions O-85 min
lepth having 0-92% mud in the subgtrate; they were predominantly in depths >30 m and on
substrates of >35% mud. Age-O flathead sole habitat in eastern Kodiak is>40 m depth,

‘hroughout bays, on mud or mixed mud substrate (Norcross et al., 1995). Around Kodiak Idand,
1ge-0 flathead sole are found primarily in temperatures less than 8.9°C on mixed mud substrates,
) they are collected in warmer temperatures regardless of substrate type when depth >48 m
Norcross et a., 1997). Along the Alaska Peninsula, age-O flathcad sole distribution is modeled on
-emperature and sediment, and age-| flathead sole distribution is modeled only on sediment
Norcross et d., in review). Flathead sole are generdly collected a 45-55 m depths, within bays,

n regions of about 9°C and 75% mud content (Norcross et ., in review). In Sitkinak Strait, an
2xposed region near south Kodiak, depth is more important than sediment in defining distribution
>f ages-0 and 1 flathead sole, and the largest catches of ages-0 and 1 flathead sole in Sitkinak
Strait are rdlatively deep (75 m and 55 m respectively) (Chilton, 1997).

Habitat of ages-0 and 1 rock sole in Kachemak Bay was defined primarily by depth and
subgtrate. Both ages of rock sole in Kachemak Bay were in 10-30 m depths during the summer;
1ge-0 rock sole were collected in depths to 150 m during the winter. In Kachemak Bay, both ages
>f rock sole were found primarily on sand; age-| rock sole were additionally on larger and finer-
rained sediments. Although temperature and salinity help define habitat for age-0 rock sole
wround Kodiak Idand (Norcross et d., 1997), these parameters were not selected in the models of
1ges-0 and 1 rock sole dong the Alaska Peninsula (Norcross et d., in review), and did not
significantly improve the definition of rock sole habitat in Kachemak Bay over models based only
n depth and substrate. In Chiniak Bay, depth and substrate described age-0 rock sole habitat in
Jur survey of interannual abundance variation. In Chiniak Bay, age-0 rock sole inhabited regions
)~85 m in depth having 0-100% sand; they were predominantly found in depths <40 m and with
>20% sand in substrate. Age-O rock sole in eastern Kodiak inhabit regions of <50 m depth,
sutside of or within bays, on sand or mixed sand substrates (Norcross et d., 1995). Around
Kodiak 1dand, age-0 rock sole are found on sand or muddy sand at temp >8.7°C or at >32.1 PSU
when temp <8.7°C; they are collected on other mixed sand substrates (gmS, sG, sM) when depth
<28 m (Norcross €t a., 1997). Along the Alaska Peninsula, age-01 ock sule habitat is modeled on
depth and sediment, and age-| rock sole habitat is modeled solely on sediment; both ages of rock
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sole are generaly collected from 20-30 m depth, near bay mouths, in regions of 10| 1°C and
approximately 70% sand content (Norcross et d., in review). In Sitkinak Strait, sediment type is
more important than depth for both ages of rock sole, and the largest catches of ages-0 and 1 rock
sole are on sand at 55 m and on gravelly sand a 20 m, respectively (Chilton, 1997).

Age-O Pacific halibut were not abundant in Kachemak Bay; thus habitat is described for this
species only for regions near Kodiak Idand and the Alaska Peninsula. Depth and substrate
described age-0 Pecific haibut habitat in our survey of interannua abundance variation in Chiniak
Bay In Chiniak Bay, age-0 Pecific haibut were collected in regions O-85 m in depth with O-1 00%
sand; they were predominantly in depths <30 m having >25% sand in substrate. In eastern
Kodiak, age-0 Pacific hdibut are in depths <40 m, near or outside the mouths of bays, on mixed
sand substrate (Norcross et al.,, 1995). Around Kodiak Island, age-0 Pacific halibut are collected
at high abundances in depths <40 m, at sites more than 2.9 km outside the mouth of a bay; they
are found in lesser abundances inside bays, in water >9.0°C and on substrate containing both sand
and mud (Norcross e d., 1997). Along the Alaska Peninsula, age-0 Pacific halibut habitat is
modeded on temperature and sediment, with age-0 Pecific hdibut generaly collected a 20-30 m
depth, near bay mouths, in temperatures of 10-1 1°C, on substrate with approximately 70% sand
content (Norcross et d., in review). Chilton (1997) reports that sediment is more important than
depth to age-0 Pacific hdibut in Sitkinak Strait, where the largest CPUE of age-0 Pacific halibut
was in 20 m depth, on gravelly sand subgirate.

Agel yelowfin sole were abundant near Kodiak, hut not in Kachemak Bay, and therefore its
habitat is described only for regions near Kodiak Idand and the Alaska Peninsula. In Chiniak Bay,
age-| ydlowfin sole habitat was described based on depth and substrate in our survey of
interannua abundance variation. In Chiniak Bay, agel ydlowfin sole were collected in regions 0-
45 m in depth (predominantly O-30 m) and with >20% sand in substrate. In eastern Kodiak
Idand, age-l ydlowfin sole are in depths <40 m, in the upper reaches of bays, on mixed subgtrates
(Norcross et d., 1995). Around Kodiak Idand, age-l yellowfin sole are dways in depths <28 m
on mixed subgtrates, they are usudly found within bays with the highest abundances at heads of
large bays more than 32 km from the mouth (Norcross et al., 1997). Along the Alaska Peninsula,
age-| yellowfin sole habitat is modeed solely on depth, and yelowfm sole are generally collected
in depths of 20-30 m, within bays, on mixed sand (40—-60%) and mud (35-55%) substrates. The
habitat of juvenile yellowfin sole is not described for the exposed regions of Sitkinak Strait.

The biological parameters (e.g., macrobenthos, flatfish somach contents) ofjuvenile flatfish
habitat analyzed in the present study are limited to a Single Site, and thus can not be related to fish
abundance and distribution. Results of an ongoing CMI project will help eucidate the importance
of stomach contents.

Seasonal distribution and abundance of flatfishes in Kachemak Bay

Examinations of juvenile flathead sole and rock sole in Kachemak Bay provided insight into
seasond distribution and abundance, as well as species settlement and growth. Habitat of ages-0
and 1 flathead sole and age-l rock sole did not change seasonaly. Age-O rock sole moved
offshore from summer depths of 1 O-30 m to winter depths to 150 m. This seasond migration of
age-0 rock sole in Kachemak Bay could not be attributed to observed changes in bottom water
temperature and sdinity.

Abundances of age-| flathead sole and age-l rock sole in Kachemak Bay were not
significantly different among spring, summer and winter or between the collection years of 1995
and 1996. Significantly more age-O flathead sole were caught in Kachemak Bay during 1996 than
199.5, and differences in summer abundances of age-0 rock sole during 1995 and 1996 could not
be rejected. Seasonal differences in abundances of age-O flathead sole and rock sole in Kachemak
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Bay were attributed primarily to time of settlement. In Prince William Sound, Alaska, the pelagic
larvee of flathead sole were abundant during May and June, but very low in abundance during July
(Norcross and Frandsen, 1996). In Kachemak Bay, age-O flathead sole were probably absent from
our bottom trawlsin May during 1995 and 1996 because they were till in the larval phase.
Additionally, it appears that age-0 flathead sole had not completely sattled into a demersal phase
by August, since its abundances were higher in September 1994 than August 1995 and 1996.
Age-0 rock sole were absent during May 1995, and in low abundance during May 1996. Sampling
was 19 days later in May 1996 than 1995, indicating that either rock sole begin to settle in mid-
May in Kachemak Bay or there is interannua variability in settling time.

Growth of flathead sole and rock sole was greatest from spring to summer, and was very
dow during winter. Temperature differences between years (1996 was warmer than 1995) were
positively correlated with growth only for age-l flathead sole. There were only dight differences
in bottom sdinities within the sudy area and sdinity was not a sgnificant controlling factor for
growth or abundance. These results are in agreement with Madloy and Targett (199 1), who state
that temperature, but not sdinity, attects spatid distribution, feeding, growth, and surviva of
juvenile summer flounder.

Interannual abundance of flatfishes in Chiniak Bay

The firg survey in Alaskan waters of interannua variations in year-class sze of age-0 and -1
flatfish was reported here for the numerically dominant juvenile flatfishes in Chiniak Bay, ie., age-
0 flathead sole, age-0 Pecific halibut, age-l yellowfin sole and age-0 rock sole. Interannual
variation in abundances of these four species were monitored over the six years (1991-1996) of
collection in Chiniak Bay. Habitat characteristics were incorporated into the survey design and
anadyss methods for increased precision in abundance estimates. Abundance trends were species—
specific and Satigtica sgnificance of trends varied among the three indices used to evaduate
interannual  abundances.

A survey which incorporated a multi-year sampling design was used to monitor interannua
varidion in flatfish abundance. The sampling design included (1) exploratory sampling to identify
flatfish habitat (1991-1 994), (2) sampling stratified by depth and subgtrate habitat parameters
(1995) with fixed sample dlocation to determine cogt of sampling and variahility in fish
abundance, and (3) sampling stratified by depth and substrate, with sample allocation based on the
cogt of sampling and variability in fish abundance (1996). In most cases, dratification of sampling
by depth and substrate (1995 and 1996) increased the precision of species abundance estimates
over those of non-gratified sampling years (199 1-1994). The 1996 method of sampling on the
perimeters of the species spatid habitat range, in an effort to detect changes in interannual
abundances with low varigbility, did not increase the precison of estimates over drtified
sampling with equd dlocation of samples to drata.

Three indices were cdculated for each speciesto assess interannud variations in abundance;
(1) the mean abundance over nine fixed Stes that were sampled in dl Sx years, (2) the mean
abundance over al stes sampled in each of the six years and (3) the mean abundance over al Sites
in regions of “preferred” or occupied habitat, identified specificaly for each of the four species
and based on depth and sediment characterigtics. The index calculated over nine fixed Stes did not
reved sgnificant differences in aundance among years, but was a vauable reference to confirm
trends in abundance free from the possible confounding effect of regiond sampling bias. The
index caculated over dl Stes showed the most Sgnificant changes in abundance over time for
rock sole and Pecific hdibut, the species with the fewest zero catches. Annua abundance of rock
sole ostillated, and was lowest in 199 1 and 1993 and highest in 1992 and 1994. Pacific hdibut
increased in abundance over the six years, exhibiting the lowest abundancesin 1991 and 1993 and
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highest abundances in 1994 and 1995. The index calculated over all sites in “preferred” habitat
discerned the most Significant changes in abundance for flathead sole, which had a high number of
zero catches outside of preferred habitat, but exhibited high abundance and few zero catches
within preferred habitat (> 30 m depth and 0—40% sand in substrate), Flathead sole increased in
«bundance from 1991 to 1992 and decreased in abundance thereafter. None of the three indices
discerned sgnificant changes in annua abundance for yelowfin sole, which had the most zero
catches and exhibited rdlatively low abundances even within preferred habitat regions. Though not

¢ ignificant, al three indices showed an gpparent decrease in abundance of yelowfin sole from
Y91 to 1996.

Comparison of groundfish communities in Kachemak and Chiniak
Bays

Indices of relative abundance for al groundfishes caught during August 1995 and August
1996 in Kachemak and Chiniak Bays were analyzed in relation to the physica characteritics of
the capture Stes. Species compositions were Smilar but species abundances were sgnificantly
different between regions. Although interannua differences in temperature were recorded, these
changes did not appear to have any effect on the abundance and distribution of fishes. Depth,
which varied significantly between the two locations, explained the differentid petterns in
digribution and abundance. Depth at which groundfishes were collected in these two locations
divided the speciesinto shdlow-water (13-28 m Chiniak Bay; 26-56 m in Kachemak Bay) and
deep-water (44-60 min Chiniak Bay; 57-86 m in Kachemak Bay) groupings. The shdlow-water
aroup included rock sole, walleye pollock, Pacific halibut, Myoxocephalus spp., Pacific cod,
vellowfin sole, Gymnocanthus spp., sturgeon poacher, snake prickleback and sawback poacher.
"The shallow-weter group, with the exception of sawback poacher, was found in higher numbers at
Chiniak Bay. The degp-water group included spinycheek starsnout, shortfin eelpout, dim sculpin,
spinyhead sculpin, and rex sole. The degp-water group was in higher or equa abundancein
Kachemak Bay than in Chiniak Bay. These proposed shalow and degp-water species groupings
are in agreement with an analysis of community structure of juvenile demersal fishes around

Kodiak Idand (Muter and Norcross, in preparation).
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Table I-1.

Environmental parameters selected by models of juvenile flaffish presence and abundance. DistBay =

distance within a bay: BayType = open, closed or intermediate aspect of the bay. A dash (-) indicates
no model was attempted (after Table 4, Norcross et al., in review).

Conceptual model CART model Resource Selection model
Species (based on presence; (based on abundance; (based on presence and abundance;
Norcross et al, 1995) [ Norcross et al, 1997) Norcross et al., in review)
Arrowtooth  flounder  [age-0 DistBay.  Sediment
age-| No selection
Temperature, Sediment,
Flathead sole age-0 Depth,  Sediment Depth Temperature,  Sediment
age-| Sediment
Depth,  Sediment, DistBay, Depth,
Pacific halibut age-0 DistBay Sediment Temperature, Sediment
aae-1 Bav Tvpe. Sediment
Yellowtin  sole age-0 No valid model
Depth,  Sediment, Depth, Sediment,
age-| DistBay DistBay Depth
Depth,  Sediment, Sediment,  Temperature,
Rack sole age-0 DistBay Depth, Salinity Depth,  Sediment
aae-| Sediment
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Table I-2. Summary of collections under present analysis. All net collections used 7 mm mesh with a 4 mm codend. GPS = global positioning system CTD =

conductivity-temperature—depth recorder; x = sample collected ;.1 = values for total sample only; ® 2 = values for gravel, sand, and mud portions; TDR =
temperature depth recorder.
Chief GPS (start Net CTD Substrate Substrate
Cruise Dates sclentist Vessel and end tow | beam [ vertical (grain | {% volatile matter |Benthos Additional gear
recorded) (m) profile size) | and % carbonate)
Kachemak Bay, southeast lower Cook inlet
Cl9401 24-30 Sep 94 Norcross | 28 ft Munsen skiff X 3.05 X X [ X none
Cl19501 31 1 May 95 Abookire | 28 ft Munsen skiff X 3.05 X X ([ X none
19502 1-9 Aug 95 Abookire | 28 ft Munsen skiff X 3.05 X X [ X TDR on net
Cl9601 | 24 Feb-1 Mar 96| Abookire 28 ft Munsen skiff X 3.05 X X ' X TOR on net; Stowaway
TORs deployed
lclso2 | 22-31 May 98 | Abookire | 28 ft Munsen skif x , 1305 B = e 2 | |Towed u::;rzvra;er video
Ci9604 ~ 7-19Aug 96 | Abookire |.28 ft Munsen skiff X [ 3.05 [ X [ X [ *2 x| _Stowaways retrieved
Chiniak Bay, northeast Kodiak Island
19101 1 Aug 9 Norcross 24 Rt skiff, 3.66 X non none
K | 1-17 Aug 91 1 outboard none . X one X
KI9102 18-25 Aug 91 Norcross 90 ft trawler X 3.66 X X none X none
24 ft skiff, Di ison;
KI9201 | 914 Aug 92 | Norcross f none 3.66 X X none X erfrawl comparison
1 outboard additional diver stations
25 ft Boston
KI9301 12-24 Aug 93 Norcross Whaler, 2 start only 3.05 X X [ none Diver/trawl comparison
outboards
25 ft Boston
KI9403 8-19 Aug 94 Norcross Whaler, 2 X 3.05 X X ‘A none Diver/trawl ~comparison
outboards
25 ft Boston Towed d t id
KI9502 |31 Jul-11 Aug 95 | Dressel Whaler, 2 X 3.05 X X '] none owed underwater video
camera; TDR on net
outboards ) )
25 ft Boston
Whaler, 2 Towed underwater video
- el ! X 3.05 X (N
KI9601 4-1 8 Aug 96 Dress outboards: 24 ft X none camera
skiff, 1 outboard
{zhut Bay, southern Afognak Island
2 ft skiff, 1 .
KI9501 24-28 Jul 95 Norcross outboard X 3.05 X X 2 none none
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Table 1-3. Sediment classification by proportional grain size (after Folk 1980).

(Code | % Boulder T

Classification % Cobble % Gravel % Sand + Mud % Sand % Mud
Grain size (mm)| B > 256 256> C >64 54> G »2 o mm_Ts> 007 | 007>M
Grain size (Phi) -8>B -8<C<-6 6<G<-1 -1<S<4 M>4

Boulder B 80< B <100 c <20 G <20

Cobbly  boulder cB B>C 20< ¢ <50 G<C

Gravelly boulder gB . B>G C<G 20< G <50

Cobble C B=0O 80< C 400 G<C

Boulder-y cobble bC 0< B <20 80< C 400 G<B

Gravelly  cobble gC B=0O C>G G<C

Bouldery  gravel bG 0< B <20 C<B G>B

Cobbly  gravel cG B=0O - 0< ¢ <50 G>C

Gravel G B=0 c=o0 80< G <100 20> S+M

Muddy gravel mG B=0 c=o0 30< G <80 70> S+M >20 S<Wl M>S

Muddy sandy gravel msG B=0O C= Om 30< G <80 70> S+M >20 s>N M<S

Sandy gravel sG B=0 ~ c=o 30<G <80 70> S+M >20 S > 9(M) -9(M) < S

Sand S B=0O C=0 - 0<G <5 100> S+M >95 S > 9(M) 9M) < S

Gravelly sand gsS B=0 c=o0 5<G <30 95> S+M >70 S > 9(M) 9M) < S

Gravely muddy sand | gmS B=0O c=o 5< G <30 95> S+M >70 S>M M<S

Muddy sand mS B=0 c=0 0<G <5 100> S+M >95 S>M M<S

Mud M B=0O c=0 0<G <5 100> S+M >95 9(S) <M M > 9(S)

Gravelly mud gM B=0 c=o0 5< G <30 95> S+M >70 S<M M>S

“Sandy mud sM -B=0 c=o0 0<G <5 1 00> s+M >95 S<M M’'S




Table 1-4. First total sample canonical correlation from canonical
discriminant analysis for presence and absence of all data
combined.

Flathead sole |Flathead sole Rock sole [Rock sole

Parameter

age-0 age-| age-0 age-|

Depth 0.670 | 0.553 0.617 0.964

| sand -0.428 -0.162 -0.518 ~0.442 |

[Mud 0.670 0.508 0422 0633 |

|Temperature | 0319 | 0231 0264  -0088 |

Salinity -0.310 -0.089 0.305 -0.013

Tide stage -0.322 -0.360 0.066 -0.099

Daylight -0.081 0.053 0.391 0.201

lable I-5. Percent of stations per sampling period with both species present,
neither species present, only flathead sole present, and only rock
sole present.
Flathead sole Flathead sole | Rock sole None Total #
Season and onl onl resent | stations
Rock sole y y P
Summer
0, 0, 0, 0,
(Sep 94) 19% 38% 38% 6% 16
Spring o
42% 37% 21% 19
May 95 0% ' ' '
Summer
0, 0, 0 0
(Aug 95) 7% 54% 22% 17% 41
Winter
0 0, 0, 0,
(Feb 96) 51% 10% 28% 10% | 39
Spring 0 0 0 0
(May 96) 10% 46% 20% 24% 41
Summer
15% 9 9 7% 41
(Aug 96) 0 56% 22% 0
All cruises 36 82 50 29 197
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Table I-6.  One-way ANOVA results to test for equal bottom temperatures and bottom salinities among
transects. The greater than sign (>) denotes the transects with significantly greater bottom
temperatures and bottom salinites. An asterisk (*) denotes the seasons where bottom
temperatures are significantly different between transects (p < 0.05).

Bottom Temperature | Bottom Salinity
| N | F | p | Significant | | N | F | P | Significant
Spring
BP>KS
May 95 19 6.39 [0.0366 * BP>MC 19 0.96 |[0.4794
BP>CP
May96 41 1.97 [0.1448 41 121 | 0.3423
Summer
KS>MC
KS>BP
. . * 1.04 | 0.4071
Aug 95 41 12.57 | 0.0001 KS>CP 41 o
KS>HS 1
5
KS>BP cannot
Aug 96 41 13.6 | 0.0001 * 41 2.74 | 0.052 . CP<BP
KS>CP reject
KS>HS CP<HS
HS<BP
Winter
MC>KS
MC>BP
MC>CP
. MC>HS
Feb 96 39 232 p.0001 KS>CP 39 1.42 |0.2595
KS>HS
BP>HS
CP>HS




Table I-7. Mean bottom temperatures * one standard error in 1996.
Data were collected by StowAway temperature loggers at
stations MC20 and KS100. N = number of data points
recorded. MC20 was significantly warmer than KS100
during all months (p < 0.0001).

Date N MC20 KS100 TStat |
26-29Feb96 100 3.47 * 0.01 3.03 # 0.0 25.76 |
Mar 96 1240 3.78 £ 0.01 3.49 #0.01 68.71
Apr 96 1200 4.41 £ 0.01 4.09%0.01 69.18
May 96 1240 5.77 % 0.01 5.18 £ 0.01 94.85
Jun 96 1200 7.30 £ 0.01 6.33+0.01 133.39
Jul 96 1240 6.98 +0.02 7.78 £0.01 95.86

1-14 Aug 96 643 9.73 +0.01 9.02 +£0.01 74.21

Table 1-8. Correlation coefficients for temperature and depth on each transect
of each sampling period. A positive correlation indicates that

temperature

increases with depth,

and a negative correlation

indicates that temperature decreases with depth. A dash (-)

denotes transects that were not sampled. May 1995 values are
1 .00 for KS and BP transects because CTD data were available
from only two stations.

Transect Summer Spring Summer Winter Spring | Summer
(Sep 94) (May 95) (Aug 95) (Feb 96) (May 96) (Aug 96)
KS 044  +100 -0.95 +0.58  -0.34  -0.66 |
MC +0.26 -0.88 -0.88 +0.04 -0.61 -0.60
BP - +1.00 -0.44 +0.63 -0.99 -0.72
CP . -0.92 -0.67 +0.74 -0.79 -0.75
HS . . -0.59 +0.89 -0.41 -0.90
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Table 1-9.

Bottom temperature (“C) and salinity (PSU) ranges with presence of” fish for each season and year. A dash

(-) denotes no fish were caught; ** denotes a significant (p < 0.05) bottom temperature effect on fish
abundance; and * denotes a significant (p < 0.05) bottom salinity effect on fish abundance. Bottom
temperature and salinity sampling ranges and means + one standard deviation are presented.

[ Summer Spring | Summer | Winter | Spring | Summer

Sep 94 May 95 Aug 95 Feb 96 May 96 Aug 96

Flathead sole age-0 Temp. 959.7 7.8-8.8 1.0-3.6 8.7-9.6
Salinity 30.3-30.8 . 31.0-31.4 21.8-31.9 - 31.3-31.6

Flathead sole age-l Temp. 9.5-9.7 3942 7.9-9.8 ** 1.0-35 5.0-5.8 8.7-9.6
Salinity 30.3-30.8 31.7-31.8 31 .0-314 21.8-31.9 31.8-32.0 31 J-316

Rock sole age-0 Temp. 9.2-98 * . 9.3-1 0.1 0.9-36 * 57-69 ** 9.2 0.3
Salinity 30.3-30.7 . 28.4-31.3 21.8-31.9 31 .0-31.9 29.2-31.7

Rock sole age-I Temp. 9.2-9.7 4.1-4.6 8.2-1 0.1 1.0-35 50-7.1 = 9.2-1 0.3
Salinity | 30.3-30.6 31.4-31.8 | 28.4-31.3 31.4-31.9 30.8-32.2 * | 29.3-31.6

Temperature sampling range 9.2-9.8 3.8-4.7 7.8-10.1 0.9-3.6 5.0-71 8.6-1 0.3
Temperature mean * SD 96 + 0.1 42 *+ 03 8.7 % 07 23 +08 56 + 05 9.6 + 2.7
Salinity sampling range | 303308 | 304338 | 284314 | 21.8-31.9 | 308322 | 29.0-31.6

Salinity mean + SD

| 306+0.2 | 31.7+06 | 31.2+05 | 31.2+20

31.9+03

314+ 04




Table 1-10. Interannual differences in mean length of flathead sole and rock sole. No age-0 flathead sole or
rock sole were captured in May 1995.

fear A Year B | Flathead sole age-0 | Flathead sole age-l Rock sole gge-o Rock sole age-l

P df P df P } P df

Spring

\iay 95 May 96 - - 0.9935 349 . « < 0.0001 183

Summer

Sep 94 Aug 95 | <0.0001 311 < 0.0001 444 0.0004 566 0.2983 143

Sep 94 Aug 96 | <0.0001 415 < 0.0001 233 <0.0001 | 832 0.1068 176

_/;‘ug 95 Aug 96 0.0001 178 < 0.0001 117 <0.0001 | 480 0.0007 117

‘-able I-1 1, Mean total length (mm) + one standard deviation for the 1994, 1995, and 1996 year classes
(mean length increase between sampling periods, in mm), and the rate (mm/day) of length
increase per day.

‘1 994 Year class Sept 94 age-0 May 95 age-l Aug 95 age-l Feb 96 age-I

IFlathead sole 409 + 45 (20.3) 612 +70 (21.8) |83.0%11.1 (24.5) | 1075 * 208

mm/day 0.09 0.24 0.12

Rock sole 480+88(13.7) 61.7+102 (49.6) 1113+ 13. (6.8) 118.1 +16.9

mm/day 0.06 0.55 0.03

1995 Year class Aug 95 age-0 \‘ Feb 96 age-0 |  May 96 age-I ' Aug 96 agel

| Flathead sole 362+44 (157) 519 +72 (93) 612 + 7.8 (27.3) 885+ 152 |

| nmiday 0.08 0.11 0.35 |

| Rock sole 450+ 55 (143) 59385 (14) 733 + 80 (297) 103.0+27 |

mm/day | 0.07 | 0.16 0.38 i |

‘1996 Year class May 96 age-0 Aug 96 age-0

~lathead sole none 33.1 t4.3

mm/day

;?ock sole 166 2.1 (14.3) 309 +55

nm/day 0.18

I-75



Table I-12. Differences in mean length increase per day with 95% upper and lower confidence
interval limits as estimated with the bootstrap statistic. The symbol ** denotes 95%
confidence intervals which do not contain zero, denoting that the time periods tested are
significantly different from each other. See Table |1 1 for actual means (mm) and mean
length increase per day (mmiday).

Lower 95% confidence limit Mean Upper 95% confidence limit
(mm/day)

Seasonal  scale
1994 YC Sept 94 age-0 May 95 aged VS. Aug 95 agel Feb 96 age
Flathead sole 0.01 0.03 0.05 *
Rock sole -0.08 -0.03 0.01
1994 YC May 95 age-l Aug 95 age-I VS. Aug 95 age-l Feb 96 age-l
Flathead sole 0.09 0.12 0.16 **
Rock sole 0.45 0.52 0.59 =
1994 YC Sept 94 age-0 May 95 age-| vs. May 95 age-I Aug 95 age-|
Flathead sole 0.13 0.15 0.18 **
Rock sole 0.43 0.49 0.55 **
1995 YC Aug 95 age-0 Feb 96 age-0 May 96 age-l Aug 96 age-I
Flathead sole 0.24 0.27 0.31 =
Rock sole 0.25 0.31 0.36 *
1995 YC Aug 95 age-0 Feb 96 age-0 VS. Feb 96 age-0 May 96 age-!
Flathead sole -0.01 0.03 0.06
Rock sole 0.05 0.09 0.13 =
1995 YC Feb 96age-0 May 96 age-| Vs, May 96 age-l Aug 96 age-|
Flathead sole 0.18 0.24 0.28 **
Rock sole 0.16 0.22 0.28 **
Interannual

May 95 age-l Aug 95 age-| Vs, May 96 agel Aug 96 agedl
Flathead sole 0.06 0.10 0.15 =
Rock sole 0.10 0.18 0.28 *

Sept 94 age-0 May 95age-| VS. Aug 95 age-0 May 96 age
Flathead sole -0.02 -0.01 0.01
Rock sole 0.02 0.04 0.05 .

Sept 94 age-0 Aug 95 age-| vs. Aug 95 age-0 Aug 96 agel
Flathead sole -0.01 0.01 0.02
Rock sole -0.07 -0.05 003 **
Age0 vs. aged

Aug 95 agel Feb 96 age-l VS. Aug 95 age-0 Feb 96 age-0
Fiathead sole -0.07 -0.04 -0.02 *
Rock sole 0.01 0.04 0.08

May 96 age-l Aug 96 age-l vS. May 96 age-0 Aug 96 age-0
Rock sole -0.26 -0.20 -0.14 *




Table 1-13. Catch-per-unit-effort (numberoffish per 1000 m?)values from 1991-1994
sampling in Kalsin and Middle Bays. The station code identifies the
specific tow; i.e., 912100103 indicates year = 1991, region = 2 (Kodiak),
cruise number = 1 in that region during 1991, the consecutive station
number = 001, and the tow number = 03 at that station during that cruise.

Station code Rock sole  Pacific halibut | Flathead sole  Yellowfin sole

1991

912100103 130.7 0.0 0.0 8.2

912100202 99.6 16.3 0.0 13.1

912100502 6.5 0.0 0.0 6.5

912100602 0.0 0.0 0.0 0.0

912100701 166.6 4.9 0.0 45.7

912100802 49.0 1.6 0.0 62.1

912100901 18.0 8.2 0.0 35.9

912101001 63.7 16.3 0.0 34.3

912101101 1.6 0.0 0.0 0.0

912101201 0.0 0.0 0.0 0.0

912101302 13.1 4.9 0.0 18.0

912101401 104.5 11.4 0.0 132.3

912101501 49.0 4.7 4.7 51.3

912101601 39.2 3.3 0.0 6.5

912101701 14.7 3.3 0.0 0.0

912101801 39.2 6.5 0.0 6.5

~912101901 57.2 4.9 0.0 50.6

912102001 0.0 0.0 0.0 0.0

912102101 0.0 0.0 0.0 0.0

912102201 27.8 49.0 0.0 1.6

912102301 96.4 6.5 0.0 9.8

912102401 18.0 0.0 0.0 49

912102501 88.2 0.0 0.0 26.1

912102601 4.9 0.0 0.0 0.0

912102701 0.0 0.0 0.0 00

912102801 84.9 3.3 0.0 29.4

912102901 80.0 11.4 0.0 8.2

912103001 39.2 0.0 3.3 52.3

912103101 7.3 0.0 3.6 43.6

912103201 88.2 9.8 0.0 75.1

912103301 13.1 0.0 0.0 1.6

912103401 65.3 3.3 0.0 0.0

912103501 47.0 0.0 0.0 0.0

812103601 156.8 6.5 0.0 0.0

912103701 0.0 0.0 0.0 0.0

912103801 116.0 1.6 1.6 19.6

912103901 68.6 0.0 00 408

912104001 0.0 12.3 0.0 0.0

912104101 0.0 0.0 0.0 0.0

912104201 52.3 0.0 4.9 3.3

912200101 0.0 0.0 7.9 0.0

~912200102 0.0 0.0 26.2 0.0
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Table 1-13. Continued.

Station code Rock sole | Pacific halibut | Flathead sole | Yellowfin sole
912200201 14.4 0.0 0.0 0.0
912200301 2.0 0.0 3.3 0.0
912200401 1.3 0.0 28.8 7.2
912200501 70.0 0.0 0.0 3.9
912200601 0.0 0.0 3.9 0.0
912200701 0.0 0.0 0.7 0.0
912200802 2.6 0.0 0.0 0.7
912200902 0.7 0.0 12.4 0.0
1992

922100101 1.6 0.0 0.0 0.0
922100201 0.0 0.0 0.0 0.0
922100301 0.0 0.0 0.0 0.0
922100401 0.0 3.3 19.6 0.0
922100501 3.3 0.0 0.0 0.0
922100602 0.0 0.0 481.9 0.0
922100701 0.0 0.0 1.6 0.0
922100702 4.9 1.6 0.0 0.0
922100703 0.0 0.0 0.0 0.0
922100801 150.3 9.8 0.0 1.6
922100802 80.0 3.3 0.0 3.3
922100803 161.7 16.3 0.0 1.6
922100804 179.7 6.5 0.0 3.3
922100901 307.1 26.1 29.4 6.5
922101001 124.1 21.2 0.0 0.0
922101201 316.9 14.7 3.3 16.3
922101301 26.1 4.9 0.0 3.3
922101401 165.0 18.0 | 0.0 4.9
922101402 227.1 3.3 0.0 4.9
922101403 253.2 8.2 0.0 1.6
922101404 238.5 16.3 0.0 4.9
922101501 300.6 0.0 0.0 0.0
922101601 107.8 0.0 0.0 0.0
922101702 650.1 49.0 0.0 4.9
922101801 463.9 37.6 0.0 6.5
922101802 387.1 27.8 1.6 40.8
922101803 385.5 35.9 3.3 55.5
922101804 405.1 49.0 0.0 52.3
922101901 11.4 0.0 0.0 0.0
922101902 276.1 1.6 0.0 0.0
922101903 13.1 0.0 0.0 0.0
922101904 0.0 0.0 0.0 0.0
922102101 19.6 18.0 0.0 0.0
1993

932100201 0.0 1.5 0.0 9.0
932100302 0.0 0.7 0.7 0.7
932100401 0.0 0.7 0.0 0.0
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Table 1-13. Continued.

Station code Rock sole | Pacific halibut | Flathead sole | Yellowfin sole
932100501 0.0 0.0 0.0 0.0
932100601 2.2 0.7 0.0 6.7
932100701 0.0 0.0 0.0 0.0
932100801 0.0 0.0 23.2 0.0
932100901 0.0 0.0 0.7 0.0
932101101 39.6 0.0 0.0 0.7
932101201 2.2 0.0 2.2 0.0
932101301 0.0 0.0 48.5 0.0
932101401 0.0 0.0 1.5 0.0
932101502 0.0 0.0 0.0 0.0
932101601 81.4 448 0.0 6.0
932101701 0.0 45 0.0 0.0
932101901 67.2 105 0.0 48.5
932102001 0.7 0.0 0.0 07
932102101 14.9 0.0 0.0 0.0
932102201 26.1 0.7 0.0 15
932102301 23.9 0.0 30 15
932102401 0.0 0.0 1240 0.0
932102501 0.0 0.0 103.8 0.0
932102601 1.5 0.0 77.7 0.0
932102701 20.2 9.7 0.0 1.5
932102702 0.0 2.2 0.0 0.0
932102703 18.1 4.4 0.0 0.0
932102801 31.8 8.7 0.0 4.4
932102802 9.3 4.4 0.0 0.0
932102803 40.3 17.2 0.0 1.5
932102804 6.7 12.0 0.0 0.0
932102901 108.3 6.7 0.0 3.7
932102902 206.1 6.0 0.0 12.7
932102903 89.7 1.2 0.0 0.0
932102904 147.0 6.8 2.5 26.2
932103001 23.7 1.9 0.0 0.6
932103002 18.7 0.6 0.0 0.0
932103003 44 .8 1.5 0.0 0.0
932103004 22.4 0.0 0.0 0.0
11994

942300101 0.0 12.8 0.0 0.0
942300201 4.9 8.1 0.0 0.0
942300301 0.0 7.6 0.0 0.0
942300401 4.4 5.9 0.5 0.0
942300501 128.2 39.9 0.0 1.2
942300601 66.1 10.2 0.0 0.0
1942300602 115.1 32.5 0.0 0.0
942300603 215.3 47.6 0.0 5.0
942300604 101.6 30.5 0.0 5.1
942300605 170.2 25.0 0.0 2.5
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Table I-13. Continued.

Station code Rock sole Pacific halibut Flathead sole Yellowfin sole
942300606 142.3 35.6 0.0 5.1
942300607 177.7 42.6 0.0 5.0
942300608 127.0 27.9 0.0 5.1
942300609 82.4 17.3 0.0 2.2
942300610 31.3 10.4 0.0 0.0
942300611 91.8 18.8 0.0 0.0
942300612 166.9 26.0 0.0 6.5
1942300613 158.2 23.8 | 0.0 | 4.3
942300614 141.8 16.7 0.0 2.1
942300701 62.2 156 0.0 0.0
942300801 715 20.6 0.0 0.9
942300901 147.0 20.8 0.0 0.0
942301004 904 27 5.5 0.0
942301101 43 0.0 30.3 1.4
942301202 565.5 425 0.0 8.9
942301203 364.6 38.7 0.0 22.1
942301204 261.5 20.1 0.0 0.0
942301206 348.7 33.5 0.0 4.5
942301207 615.9 58.0 0.0 24.9
942301208 303.8 49.7 2.8 30.4
942301209 460.4 29.1 0.0 4.5
942301210 433.6 40.2 0.0 0.0
942301211 207.1 22.1 0.0 41.4
942301212 395.0 442 0.0 19.3
942301213 540.9 1, 55.9 0.0 8.9
942301214 45R7 33.5 0.0 0.0
942301215 342.5 AA3 no 24.9
942301301 1.2 0.0 0.0 0.0
942301303 5.4 0.0 00 00
942301403 0.0 0.0 0.0 0.0
942301501 0.0 0.0 0.0 0.0
942301601 0.0 0.0 21.4 0.0
942301701 53.0 1.6 0.0 0.0
942301801 370.5 12.3 0.0 0.9
942301901 0.7 0.0 9.2 0.0
942302001 0.0 0.0 1.9 0.0
942302101 0.0 0.0 8.8 0.0
942302401 0.0 0.0 0.7 0.0
942302501 1.0 0.0 21.6 0.0
942302502 0.0 0.0 5.9 0.0
1942302601 0.0 0.0 98.8 0.0
942302602 0.0 0.0 18.3 0.0
942302701 57.4 0.0 0.0 0.0
942302901 1.4 4.3 0.0 0.0
942303001 27.6 0.0 5.5 0.0
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Table I-14. 1995 stratum classification by depth and sediment
parameters, and 1995 allocation of samples among
strata. Stratum codes denote bay (KM = Kalsin and
Middle Bays, KB = Kalsin Bay, MB = Middle Bay) and
depth range (0 = 0=5m, 5 =5-10 m, 10 = 10-20 m, 20
= 20-30 m on high sand sediment, 22 = 20-30 m on low
sand sediment, 30 = 30~50m, 50 = 50-70 m, 70 = 70 m
and deeper). The asterisk (*) denotes a region of
variable sediments; its sediment classification is based
on 1991-1995 measurements.

1995 Sediment = Number of
stratum Bay Depth (M) | o, sand) | 1995 tows
KMO Middle Bay 0-5 91-100 3
Kalsin Bay 0-5 91-100 3
KMS Middle Bay 5-10 91-100* 3
Kalsin Bay 5-10 91-100 3
KM10 Middie Bay 10-20 51-90 3
Kalsin Bay 10-20 51-90 3
MB20 Middle Bay 20-30 90-100 3
KB20 Kalsin Bay 20-30 51-90 3
KB22 Kalsin Bay 20-30 0-50 3
KB30 Kalsin Bay 3040 0-50 3
MBS0 Middie Bay 50-60 50-90 3
KB50 Kalsin Bay 50-60 0-50 3
KB70 Kalsin Bay 70-80 0-50 2
Total 38
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Table I-15. Catch-per-unit-effort (number of fish per 1000 m?) values from 1995 sampling in Kalsin and
Middle Bays with associated depth and sediment measurements and stratum classification (see
Table |-14 for definition of 1995 stratum classification by depth and sediment parameters). The
station code identifies the specific tow; i.e., 952200101 indicates year = 1995, region
(Kodiak), cruise number = 2 in that region during 1995, the consecutive station number = 001,
and the tow number = 01 at that station during that cruise.

2

FU

Station code Predominant 96 sand in 1995 CPUE ;a';if::c ﬂ(a::i’g:d yecllzvuvﬁn

depth {m) substrate stratum rock sole halibut sole sole
952200101 2 94 KBO 43.7 5.2 0.0 0.0
952200201 2 99 KBO 82.9 3.8 0.0 13.6
952200301 3 96 KBO 2409 60.2 0.0 5.8
952200401 6 97 KBS 1417 557 on R4
952200402 | 7 97 KR5 148.8 71.3 0.0 11.4
952200403 " 7 97 KBS 112.6 53.0 0.0 4.4
952200501 I 5 75 MB5 1.5 28.9 0.0 0.7
952200601 8 29 MBS 5.1 20.5 0.0 0.0
952200701 7 91 MB5 5.2 20.8 0.0 0.0
952200801 3 98 MBO 12,6 34.7 0.0 0.8
952200802 3 98 MBO 59.8 29.5 0.0 3.3
952200803 3 98 MBO 22.0 42.3 0.0 0.8
952200901 13 69 KB10 260.7 101.2 0.0 20.9
952200902 13 66 KB10 69.4 324 0.0 0.0
952201001 12 52 KB10 114.8 34.4 0.0 5.1
952201801 23 64 KB20 40.4 0.0 0.0 4.8
952201901 23 70 KB20 11.1 8.9 0.0 7.8
952202001 22 53 KB20 87.7 2.5 3.7 46.9
952202101 67 11 KB70 0.0 0.0 16.7 0.0
952202102 68 11 KB70 0.0 0.0 14.6 0.0
952202201 12 65 MB10 11.0 20.2 3.7 0.0
952202202 13 65 MB10 155.3 71.6 0.0 13.7
952202203 11 65 MB10 99.9 36.2 0.0 1.7
952202301 52 53 MB50 0.0 0.0 57.4 0.0
952202302 55 53 MB50 0.0 0.0 13.1 0.0
952202304 53 53 MB50 29 0.0 54.8 0.0
952202401 24 97 MB20 359.4 44.1 0.0 0.0
952202402 24 97 MB20 360.0 46.4 0.0 0.0
952202403 25 97 MB20 247.1 17.0 1.3 00
952202501 54 18 KB50 0.0 0.0 35.2 0.0
952202502 57 18 KB50 2.2 0.0 20.8 0.0
952202503 53 18 KB50 0.0 0.0 9.5 0.0
952202601 32 23 KB30 0.0 0.0 26.1 0.0
952202603 33 23 KB30 0.0 0.0 11.3 0.0
952202604 34 23 KB30 0.9 0.0 6.6 0.0
952202701 24 29 KB22 43.6 54 12.7 7.3
952202702 27 29 KB22 7.8 1.9 7.8 0.0
952202703 27 29 KB22 0.0 0.0 1.3 0.0
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Table |1 6. 1995 mean catch-per-unit-effort (number of fish per 1000 m2) and associated variances with and without stratification.

Mean CPUE Variance

Bay Depth %Sand | Rock sole E:ﬁg:ﬁ F':tglliad vel Isc;\;\;fl " | Rack sole Egﬁglﬁ[ Flzt:‘liad Ye!g:/gfin
Stratification by depth and sediment

Kalsin and Middle 05 m 90-1 00% 56.9 24.3 0.0 3.6 1346.3 211.2 0.0 21.4
Kalsin 5-10 m 90-1 00% 134.4 60.0 0.0 6.4 245.5 65.0 0.0 12.9
Middle 5-10m 50-90% 3.2 20.5 0.0 0.2 3.0 59.8 0.0 0.1
Kalsin and Middle 1020 m 50-90% 57.1 22.9 0.2 3.5 2426.1 327.2 0.2 19.6
Kalsin and Middle 20-30 m 50-90% 92.1 9.9 0.4 5.0 5229.7 88.2 0.5 70.7
Kalsin 20-30 m 0-50% 5.7 0.8 2.4 0.8 39.9 0.6 2.4 1.3
Kalsin 30-50 m 0-50% 0.2 0.0 7.4 0.0 0.1 0.0 16.3 0.0
Middle >30m 50-90% 0.5 0.0 20.9 0.0 0.5 0.0 103.0 0.0
Kalsin 50-70 m 0-50% 0.2 0.0 7.3 0.0 0.1 0.0 12.2 0.0
Kalsin >70 m 0-50% 0.0 0.0 7.8 0.0 0.0 0.0 0.3 0.0
Stratification Overall 39.0 13.6 2.3 2.3 49.3 4.0 0.2 0.7
ﬁ\lo stratification Overall 43.9 15.4 3.5 2.5 89.4 10.3 1.2 0.6




Table-17. 1996 stratum classification by depth and sediment parameters, species
to be monitored within respective stratum and allocation of samples
among  strata.
Species to Sediment|{Number of
1996 stratum .
monitor Bay Depth (m) (% sand) |1996 tows;
Pacific halibut
1 flathead sole | Kalsin and Middle <30 040 4
yellowfin sole
flathead sole . .
2 yellowfin  sole Kalsin and Middle <30 41-80 13
flathead sole . .
3 yellowfin sole | K&lsin and Middle | <30 81-100 13
rock sole ]
Pacific  halibut
4 i i > -
flathead sole Kalsin and Middle 30 0-40 7
yellowfin ~ sole
5 yellowfin  sole |Kalsin and Middle > 30 41-80 2
AIl strata 39
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Table I-18. Catch-per-unit-effort (number of fish per 1000 m?) values from 1996 sampling in Kalsin and Middle
Bays with associated depth and sediment measurements and stratum classification (see Table |- 7 for
definition of 1996 stratum classification by depth and sediment. parameters). The station code identifies
the specific tow; i.e., 962100102 indicates year = 1996, region = 2 (Kodiak), cruise number = 1 in that

region awring 1996, the
during that cruise.

consecutive station number = 001, and” fhe tow number = 0Z af thaf stafion

) ) CPUE CPU c
Station code P::;':'('::)“t fu;as't‘fa:: st:::fm mz:‘;ze Pacific ﬂatm:d yel:::l:v'tsin
halibut sole sole
962100102 3 97 3 197.6 7.3 0.0 16.0
962100201 3 99 3 56.5 23 0.0 77
962100301 4 99 3 293 95 0.0 56
962100401 5 08 3 352 7.8 0.0 63
962100501 5 o8 3 131.8 13.7 0.0 0.0
962100601 68 14 4 0.0 0.0 37 00
962100701 56 21 4 0.0 0.0 53 0.0
962100702 57 22 4 0.0 0.0 57 0.0
962100802 36 20 4 138.4 0.0 0.0 0.0
962100803 36 20 4 112.4 0.0 97 0.0
962102101 54 60 5 208 0.0 0.0 0.0
962102103 57 43 5 0.0 0.0 6.7 0.0
962102201 27 93 3 125.8 287 0.0 0.0
962102402 7 99 3 2544 297 0.0 00
962102502 13 68 2 0.0 1.6 0.0 0.0
962102601 3 85 3 6.4 18.3 0.0 08
962102701 76 15 4 0.0 0.0 6.4 0.0
962102702 75 15 4 00 0.0 34 0.0
062102801 14 86 3 164.4 63.2 0.0 16
962102901 7 9 3 23 15.8 0.0 00
962103001 27 30 1 468.2 0.0 26 40
962103002 27 33 1 394.2 0.0 6.3 25
962103003 27 32 1 125.0 0.0 1.4 0.0
962103005 28 32 1 429.0 0.0 6.1 24
962103201 18 76 2 165.8 0.0 0.0 242
962103301 23 96 3 126.9 204 0.0 17
962103401 14 65 2 2015 3338 0.0 29.2
962103601 7 99 3 61.3 47 0.0 55
962103701 12 62 2 235 10.7 0.0 0.0
962103802 14 44 2 416 0.0 0.0 00
962103902 4 99 3 17.4 736 0.0 19
962104001 8 85 2 92 36.1 0.0 0.0
962104002 8 =153 2 16.9 20.3 0.0 0.8
962104003 7 2 5.1 365 0.0 0.0
962164304 25 72 2 144-4 0.0 115 0.0
982104401 20 2 205.9 0.0 1.2 2.5
962104501 16 71 2 40.3 0.7 0.0 23.4
962104601 15 51 2 25.3 10.1 0.0 5.1
982104701 21 41 2 442.8 8.9 0.0 30.6

1-85




Table |-19. Mean catch-per-uniteffort (number of fish per 1000 mz). variance and coefficient of variaton (CV) statistics for 1996 data in Kakin and Middle Bays across the selected
monitoring  strata for each species and across all strata. A dash (-) denotes where abundance was O and therefore CV could pet be calculated.

1996 Rock sole Pacific halibut Flathead sole Yellowfin sole
stratum Bay Depth % Sand | Mean  Variance CV Mean Variance CV Mean Variince CV | Mean Variance CV

98-1

lepth and sediment stratification -selected strata

! Kalsin and Middle 0-30m 0-39% 0.0 0.0 4.1 61 0.60 2.2 2.7 0.74
2 Kalsin and Middle 0-30m  40-79% 1.7 181 2.44 8.9 160.6 1.42
3 Kalsin and Middle  0-30m 80-100% 0.0 oD ‘ 4.4 25.7 1.16
4 Kalsin and Middle >30m 0-39% 35.8 3500.4 1.72 0.0 0.0 - 4.9 9D 0.61 0.0 0.0 .
5 Kalsin and Middle ~ >30m  40-79% 0.0 0.0 -

lepth and sediment stratification -all ~strata

! Kalsin and Middle  0-30m 0-39% 354.1 24248.4 0.44 0.0 0.0 - 4.1 61 0.60 2.2 2.7 0.74
2 Kalsin and Middle ~ 0-30m 40-79% 101.7 16486.3 1.26 12.2 212.6 1.19 1.7 181 2.44 8.9 160.6 1.42
3 Kalsin and Midde 0-30m ao-100% 94.6 6146.2 0.83 22.7 486.9 0.97 0.0 03 . 4.4 257 1.16
4 Kalsin and Middle >30m 0-39% 35.8 3800.4 1.72 0.0 0.0 L 4.9 9.1 0.61 0.0 0.0 .
5 Kalsin and Middle ~ >30m  40-79% | 104 215.9 141 0.0 0.0 . 3.3 223 1.41| 0.0 0.0 -
elected strata  overall 36.8 641.9 0.65 0.0 0.0 - 2.1 0.7 0.39 6.5 3.7 0.35

N strata overall 112.6 466.9 0.20 6.4 5.1 027 | 2.4 03 0.40 65 3.7 0.3%




Table 1-20. Coefficients of variation (CV) calculated from three consecutive sampling schemes (1996 CV are
calculated over selected strata and over all strata). A dash (-) denotes where abundance was 0 and
CV could not be calculated.
Year |Stratification method Rock sole |[Pacific halibut| Flathead sole Yellowfin sole
1993 |Nonstratified  exploratory — sampling 0.253 0.324 0.457 0.445
jggg |Statfied by depth and sediment 0.180 0.146 0.205 0.354
fixed allocation of samples
Stratified by depth and sediment,
1996 samples from selected strata 0.650 0.390 0.350
1996 Stratified by depth and sediment, 0.196 0.267 0.399 0.350

samples from all strata




Table 1-21. Catch-per-unit-effort (number of fish per 1000 m?) values from nine
permanent sites sampled 1991-1996.

Year Pe;’;:':f"t Rock sole | Pacific halibut| Flathead sole | Yeliowfin sole
7991 1 16 0.0 0.0 0.0
1991 2 80.0 82 0.0 915
1991 3 116.0 16 16 19.6
1991 ] 0.0 0.0 23.3 0.0
1991 5 130.7 0.0 0.0 82
1001 6 99.6 16.3 0.0 13.1
1991 7 0.0 0.0 0.0 0.0
1991 8 166.6 49 0.0 457
1991 9 133.2 0.0 0.0 75
7992 1 16 05 05 0.0
1992 2 130.2 1.4 0.0 20
1992 3 307.1 26.1 294 6.5
1992 4 0.0 0.0 481.9 0.0 i
1992 5 1078 00 0.0 0.0
1992 6 26.1 29 0.0 33
1002 7 220.0 1.4 0.0 4.1
1992 8 410.4 37.6 12 38.8
1992 9 650.1 49.0 0.0 49
1993 1 81.4 44.8 0.0 60
1993 2 18.1 8.4 0.0 1.0
1993 3 396 00 0.0 0.7
1093 ) 0.0 0.0 485 0.0
1993 5 26.1 0.7 0.0 1.5
1883 6 14.9 0.0 0.0 0.0
1993 7 27.4 1.0 0.0 0.2
1093 8 1378 52 0.6 10.6
1993 9 22 07 0.0 6.7
1994 1 0.0 76 0.0 0.0
1994 2 2.4 10.4 0.0 0.0
1994 3 128.2 39.9 0.0 12
1994 2 0.0 0.0 8.8 0.0
1994 -5 62.2 15.6 0.0 0.0
1994 6 715 206 0.0 0.9
1994 7 127.7 26.1 0.0 3.1
1994 8 4041 38.9 0.2 16.3
1004 9 57.4 0.0 0.0 0.0
1995 1 315 355 0.0 16
1995 2 38 234 0.0 02
1995 3 322.2 35.8 0.4 0.0
1995 4 1.0 0.0 41.7 0.0
1995 5 43.7 52 0.0 0.0
1995 6 82.9 38 0.0 13.6
1995 7 134.4 60.0 0.0 6.4
1995 8 165.1 66.8 0.0 10.5
1995 9 40.4 0.0 0.0 4.8
1996 1 17.4 73.6 0.0 19
1996 2 10.4 31.0 0.0 03
1006 3 125.0 206.7 0.0 0.0
1996 2 10.4 0.0 33 0.0
1996 5 i97.6 73 0.0 16.0
1996 6 42.9 59 0.0 6.6
1996 7 126.9 20.4 0.0 1.7
1996 8 2015 33.8 0.0 29.2
1096 9 165.8 0.0 0.0 24.0
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Table 1-22.

Summary of physical

characteristics measured at the two sample sites for two
years. Standard deviation (sd) is presented in parentheses..

Chiniak 95 | Chiniak 96 | Kachemak 95 [ Kachemak 96
N Depth (from fish tows) 46 43 49 42
Mean Depth (m) (sd) 23.9 (18.8) | 24.3 (20.5) 59.9 (34.9) 56.7 (33.1)
Depth Range (m) 1.7-68.0 2.5-76.0 4.0-1 47.0 4.0-1 42.0
N CTD Casts 39 34 45 42
Mean Temperature (°C) (sd) 8.99 (1.1) 10.03 (0.7) 8.59 (0.8) 9.22 (0.4)
Temperature Range °C) 7.34-1 1.38 8.41-11.64 6.96-10.06 8.62-10.32
Mean Salinity (PSU) (sd) 31.84 (0.6) | 32.07 (0.1) 31.16 (0.5) 31.41 (0.5)
Salinity Range (PSU) 30.22-32.73 | 31.59-32.31 28.36-31.39 29.04-31.63
N Sediment Samples I 27 I 38 45 41 \
(Mean %Gravel (sd) | 279(9.1) | 409 (159) 9.23 (19.9) 7.45 (15.9) |
%Gravel Range 0.0-44.46 0.0-95.77 0.0-80.45 0.0-64.71
'Mean %Sand (sd) 69.67 (28.6) | 63.44 (31.6) | 45.38 (28.5) | 46.28 (29.6)
%Sand Range 10.71-99.55 3.84-99.35 3.63-99.01 7.13-99.15
Mean %Mud (sd) 27.54 (29.1) | 32.47 (31.4) | 49.25 (320) 45.85 (31 .1)
%Mud Range 0.04-89.25 | 0.39-86.33 0.01-96.29 0.16-92.41
Mean %Organic Matter (sd) 261 (1 .01) | 2.85(0.97) 4.37 (1.53) 4.32 (1.56)
%0rganic Matter Range 1.27-4.02 0.76-5.52 1.22-7.83 1.26-8.80 |
lMean%Carbonate (sd) 2.86 (3.74) 221 (L41) 854 (10.86) 10.02 (13.37) |
I%Carbonate Range 0.78-20.68 0.48-7 49 1.21-50.65 1.21-50.55 |
Table 1-23. Results of two-way ANOVASs comparing physical characteristics
among locations (Chiniak Bay, Kodiak Island and Kachemak Bay,
Lower Cook Inlet) and years (1995 and 1996). F values are
presented for location, year and the year-location interaction, with
the level of significance indicated.
Factor Year Location Location x Year
Depth | 0.11 | 67.50 | 0.19
Temperature 45.70” | 23.51” | 3.02
Salinity 10.29* 82.52* 0.05
Gravel 0.01 3.34 0.33
Sand 0.01 3119 1.37
Mud 0.02 11.77" 0.41
Organic carbon 0.17 53.20* 0.45
Carbonate 0.07 10.05*** 0.47
* p<0.01 ** p < 0.001 *** n < 0.0001
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Table I-24. Results of Tukey unequal N HSD test for physical factors found to be significantly different in
woway ANOVAS; p values from all combinations of location (Ch = Chiniak Bay, Ka = Kachemak
Bay) and year (95, 96).

Factor | Ch95 « Ch96 |Ka95 » Ka96 | Ch 95 « Ka 95 Ch96 = Ka96 | Ch95 ~ Ka96 | Ch96 « Ka9s
Depth 1.000 0.953 < 0.0001 < 0.0001 < 0.0001 < 0.0001
Temperature <0.0001 < 0.01 0.127 < 0.0001 0.534 < 0.0001
Salinity 0.200 0.600 < 0.0001 < 0.0001 < 0.001 < 0.0001
Sand 0.867 0.858 < 001 0.056 < 001 <001
Mud 0.937 0.961 0.051 0.218 0.133 0.075
Organic matter 0.910 0.997 < 0.0001 < 0.0001 < 0.0001 < 0.0001

Carbonate 0994 | o088 | 0112 | < o001 | 0024 0.016
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tatistics are for each cruiseasa

Table 1-25. Rank, total CPUE and percentage contribution of each species of fish caught in each of the four cmises " Summany’s
whole; sd denotes standard deviation.
Chiniak 9% Chiniak 96 Kachemak |95 Kachemak 96

Scientific Name Common Name Rank| Count |Catch% [ Rank Count | Catch% |Rank | Count |Catch% Ranlf; Count] Catch%
Pleuronectes bifineata Rock  sole 1] 51824.9) 41.2T% 1) 5409.8) 36.19% 3) $23.5)12.84% 1) 1402.5] 28.58%
Theragra chalcogramma Walleye pollock 1 211/959.3] 13.88% 2] 1841.2] 12.32% 4] 123| 7.66% 6 1901 3.87%
Hippoalossoides elassodon Flathsad sole | 3] 1107.41 8.48% 5 638.6| 4.21% 2| £73.0|14.06% 3 456.2| 9.30%
Hippoglossus stenolepis Pacifichalibut 4| 1150.8| 8.15% 8 481.2| 3.2% 10| 724 1.78% 9 1391 2.83%
Myoxacephalus spp. Myoxocephalus spp. | 5| 842.8] 5.97%| 7| 555.8] 3.72%| 12| 615] 1.51%| 15 742{ 151%
Gadus macrocewhalus Pacific cod 6 734.3| 5.20% 4 1353.0 9.05% 1| 1283.8|31.49% 25 30.7 0.63%
|Atherestes stomias |Arrowtoothflounder [ 7] 36001 2.56%| 11 2447 1.64%| 16| 472 1.16%| 12, 978 1.99%
Pleuronectes gsper Yellowfin sole 6| 2322 164%| 9 279.5| 1.87%| 13| 57.7| 1.41%| 11, 1085 2.21%
Sarritor frenatus Sawback poacher 9| 175.0 1.24%[ 0.0 36 29| 0.15% 31 9.4 0.19%
Gymnocanthus soo. Gyrmocanthus spp. 10| 137 093%) 13| 1966/ 1.2%! 29/ 10.6| 0.26%| 39|  33] 0.07%

Lumpenus  fabricii |Slender eelblenny 11| 129.1| 091%| 6| 558.0{ 3.7%| 31| 59| 1.93%| 7| 189.4| 3.85%
Lumpenus maculatus Daubed shanny 12| 125.61 0.89% HE) 165.7 1.1% 9 78.5| 1.93% 10 1139 2.32%
Microgadus proximus Pacific tomcod 13 108.41 0.77% 48 23 0.02% 39 22 0.05% 0.0

Livarididae Snai I fishes 14 1|W0.75% 23 48.2 0.32% 17 37.7|] 0.82% 17 69.3 1.41%
Podothecus  acipenserinus Sturgeon poacher 15| 103.01 0.73% 14 170.8 1.14% 32 52| 0.13% 38 37 0.08%
Lumpenus sagitta Snakeprickleback 16| 10291 0.73% 3| 16411 10.98% 20f 27.0{ 0.66% 21 482 0.98%
Icelinusoreatis NoTTRern sculpin 17 T9.8T 0.57%3_10i 27761 1.86% zzi 2351 0.88%| 22 aoM, n o0
|Bathvadonusinfraswinata Spinycheek starsnout | 18| 77.01 0.55%| 1al abal o0s8% 5[ 179.50 4.40% s 282.0| 5.75%
Bathymaster signatus |searcher 19| 72.21 051%| 37 8.9 0.03% | 24| 16.6] 0.41%| 26| 16.0] 0.33%
Microstomus ~ pacificus |Dover sole 20| 64.7| 048%| 27 27.2|  0.18% | 15| 49.5| 1.21% 19 58.3|  1.19%
Lumpenus spp. Lumpenus spp 21| 538| 038%| 12 213.9 1.43% 26 13.2| 0.32% 32 8.0 0.16%)
Pleuronectes vetulus Englshsole 221 537[ 038%[ 17 96.2| 0.64%| 44| 1.3| 0.03% 0.0
Pleuronectes auadrituberculatus  |Alaskaplaice | 23] 4850 o [ 25 306] 0.21% 00 )
Hexagrammos  stelferi White-spotted greenling 24 449 0.32% 24 4.1 0.27% 23| 20.6| 0.51%| 29 13.2 0.27%
Pleuronectes isolepis Butter sole 25 44.8 | 0.32% 21 52.7 0.35% 0.0 44 1.5 0.03%
Triglops spp- Triglops spp. 26 44,4 0.26% 0.0 0.0 0.0
Gymnocanthus galeatus Armorheadsculpin 27 3.4 0.23%) 28 26.3;1 0_13% 0.0l i I 0.0!
ILycodes brevives Shortfin eelpout 28] 325 023% 16l 1m0 1 0%l e 162.877399% T g70.6] o.7n
[Psvchrolutes sialutes [Soft sculpin T 291 21.81 0.15%] 0.0 0.0 0.0
Hexagrammos octogrammus Masked greenling 30 16.3 0.12%' 30 17.5 0.12% 0.0 0.0

Lumpenus medius Stout  eelblenny 31 13.0] 0.09%) 26 28.21  0.19% 8 93.3| 2.29% 42 2.0 0.04%
Psettichthys melanostictus Sand  sole 32 12.2] 0.09% |_42 700 0.05%] 0.01 0.0
Hemilepidotus iordani Yellow irish lord 33| 11.4 0.08%[ 34 11.8]  0.03% 45 1.0] 0.03% 35 511 0.10%
Pallasina barbata Tubenose poacher 34| 10.51 0.07%| 42] 7.0{ 0.05% 0.01 36 411 0.08%
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Table 1-25. Continued.

Chinlak 9 Chiniak 96 Kafhemak [95 Kachemak 96
ISclentific Name Common Name Rank| Count [Catch% | Rank| Count| Catch% | Rank| Count| Catched Rank Count| Catch%
Radulinus asprelfus Slim  sculpin 35 9.9 0.079 47 2.7 0.02%| 11 709 1.74% 6| 1597 3.26%
Platichthys stellatus Starry  flounder 36 6.4| 0.06% 36 9.3 0.06%| 39 2.5| 0.06% 0.0
Ammpodytes  hexapterus Pacific sand lance 37 8.3] 0.06%| 20 81.2 0.54% 28 11.2| 0.28% 0.0
~ Enophrys lucesi Leister  sculpin 38 6.6 0.05%| 37 9.1 0.06% 0.0 0.0
fDasycottus setiger Spinyhead sculpin 39 6.3] 0.04% 34 11.2 0.07% 18 33.4| 0.829 16 73.6 1.50%
Cottidae Sculpins 40 5.5| 0.04%| 33 12.4 0.08% 0.0 45 0.9
Hemilepidotus  spp. Irish lords 40 5.5| 0.04% 0.0 0.0 0.0
Enophrys spp. Enophrys spp. 42 5.2] 0.03% 0.0 0.0 0.0
Aspidophoroides  bartoni Aleutian  alligatorfish 43 4.2] 0.03% 0.0 0.0 30 10.8 0.22%
'Pholis laeta Crescent gunnel 44 3.8 0.03% 39 8.1 0.05% 0.0 27 15.8 0.32%
Trichodon trichodon Pacific sandfish 45 3.6] 0.03% 52 1.2 0.01% 0.0 0.0
Sitchaeus  punctatus Arctic shanny 46 3.3 0.02% 30 23.3 0.16% 36 3.0 007% 34 7.0 0.14%
Hexagrammos spp. Rock OR kelp greenling 47 3.1 0.02%| 40 7.7 0.05% 0.0 28 15.4 0.31%
Nautichthys  pribilovius Eyeshade sculpin 48 25| 0.02%| 44 5.3 0.04% 0.0 33 7.4 0.15%
Leptocottus armatus Pacific  staghorn sculpin 49 2.1 0.01%| 55 0.8 0.01% 0.0 0.0
Mallotus villosus Capelin 50 2.0| 0.01% 0.0 0.0 0.0
Gadidae Cods 51 1.8 0.01% 0.0 0.0 0.0
Blepsias cirrhosus Silverspotted sculpin 52 1.7 0.019% 46 3.1 0.02% 0.0 0.7
Enophrys bison Buffalo  sculpin 53 1.4 0.01% 0.0 0.0 0.0
Ronquilus jordani Northern  ronquil 54 1.3| 0.01% 0.0 7| 132.6| 3.2594 12 97.8 1.99%
Scorpaenidae Rocktishes 54 1.3] 0.01% 0.0 35 3.5 0.09% 24 43.4 0.68%
Occella verrucosa Warty poacher 54 1.3 0.01% 0.0 0.0 0.0
Bathymasteridae Ronquils 54 1.3] 0.01% 0.0 0.0 0.0
Raja binoculeta Big skate 58 1.2 0.019%9 53 1.1 0.01% 0.0 0.0
Poroclinus rothrocki Whitebarred priiklebac 59 0.8 0.01%| 50 1.3 0.01% 25 14.2] 0.35% 23 45.2 0.92%
Ophiodon  elongatus Lingcod 60 0.7 0.01%| 42 7.2| 0.05%| 38 2.6 0.06% 0.0
Triglops pingeli Ribbed  sculpin 0.0 23 50.3| 0.34%| 19| 30.4| 0.74%| 20 56.0| 1.14%
Psychrolutes peradoxus Tadpole  sculpin 0.0 30 175 0.12%| 14| 51.7| 1.27% | 14  80.6| 1.64%
Myoxocephalus polyacanthocephalus Great sculpin 0.0 32 12.8 0.09% 0.0 0.0
Triglops macellus Roughspine  sculpin 0.0 44 3.3  0.02% 0.0 40' 3.2 0.06%
Zaprora sinenus Prowfish 0.0 49 22| o0.01%| 48 0.3] 0.01% 0.0
Hemilepidotus hemilepidotus Red irish lord 0.0 50 1.3 0.01% 0.0 _37 7.6 0.16%
Anoplagonus inermis Smooth alligatorfish 0.0 53 1.1 0.01% 34 3.6| 0.09% 0.0
Anoplarchus insignis Slender cockscomb 0.0 57 0.6 0.00% 0.0 0.0
Errex zachirus Rex sole 0.0 0.0 21 245 0.60%| 18 63.4 1.29%
Lycodes palearis \Wattled eelpout 0.0 0.0 27 12.3( 0.00% 43 1.6 0.03%
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Tabie i-25. Gontinued.

- CHlNah 59 Clinnilah 30 Havhemah 55 Yisaarcitun 19
Scientific Name Common Name Rank| Count |Catch% | Ranlk Count| Catch% | Rank | Count | Catch%| Rank Count | Catch%
Raja rhina Longnose skate 0.0 0.0 32 5.0 0.12% | 41 21| 0.04%
Lumpenella longirostris Longsnout prickleback 0.0 0.0 30 6.1 0.15% 0.0
Nautichthys oculofasciatus Sailfin sculpin 0.0 0.0 41 1.9] 0.05% 0.0
Icelus gpp, Icelus spp. 0.0 0.0 42 1.7 0.04% 0.0
Hemitripterus bolini Bigmouth sculpin 0.0 0.0 43 1.5| 0.04% 0.0
PholTs spp. Phdlis spp. 0.0 0.0 45 1.0 0.02% 0.0
Unidentified flatfish Unidentified flatfish 0.0 0.0 47 0.6] 0.01% 0.0
Eleginus gracilis Saffron cod 0.0 0.0 0.0 4] 364.7 7.43%
Cryptacanthodes”aleutensis [Dwarf wrymouth 0.0 0.0 0.0 46 0.5 0.01%
Liparis spp. Lipsris spp. 0.0 0.0 0.0 47 0.4 0.01%

Jow summary \
| number of samples | 46| | 43| | 49[ J 42|

total distance towed | 176011 202021, | 306811 [ 231071

average disterratowed I 383l 470 626 550

sd distance towed 120 239 342 263

actual no. fish caught 11654 | 13502 3428 4552
Fish density summary

adjusted no. fish (CPUE) 1411566 14946.9 4076.5 4906.8

average # fish/tow 306.9 3413 83.2 116.8

sd fish/tow 236.1 2671 146.7 185.1

minimum # fishitow 21.7 59.9 1.8 7.3

maximum # fish/tow 1029.2 1017.3 836.5 1153.3

# fish/1000 m* over total tow distance [ 355.31 ' 324.91 58.91 | 94.1 |
Species summary

total number 60 57 48 47

average # species/tow 13 15 8 10

sd species/tow 3.2 3.2 3.3 3.0

minimum species/tow 7 9 2 4

maximum species/tow 20 20 15 17

% abundance of top-I 0 species 89.33% 89.87% 83.69% 76.95%




locations

Table 1-26. Results of two-way ANOVAS comparing fish abundances among
(Chiniak Bay, Kodiak island and Kachemak Bay, lower
Cook Inlet) and years (1995 and 1996). F values for location,
year and their interaction with the level of significance indicated.
Fishes are in order of decreasing abundance.

Fish Year Location Location x Year
Rock sole 211 103.20" 0.14
| Walleye pollock 0.02 37.26" 1.52
| Flathead sole 0.06 0.13 0.52
Pacific  halibut 2.40 59.37" 4.29
Myoxocephalus  spp. 0.01 61.67" 0.01
Pacific cod 0.94 27.52" 8.05*
Arrowtooth flounder 0.70 15.31" 2.51
Yellowfin sole 0.21 28._74" 0.62
Sawback poacher 22._45" 19.46" 35.38"
Gymnocanthus Spp. 0.06 37.71" 0.09
Slender eelblenny 0.03 0.21 0.28
Daubed shanny 0.21 | 1.00 0.02
Snailfishes 0.03 1.42 2.96
Sturgeon poacher 6.15 79.83** 6.57
Snake prickleback 14.30" 26.25" 14.73"
Northern sculpin 2.31 8.03* 0.04
Spinycheek starsnout 1.57 15.38" 3.94
Dover sole 2.59 2.86 0.66
Triglops spp. 0.35 1.23 0.15
Shortfin eelpout 6.47 19.67" 0.62
|Stout eelblenny 0.97 0.14 2.76
Slim  sculpin 0.09 21.45” 2.54
Spinyhead  sculpin 4.95 16.11" 1.93
Northern ronquil 0.02 18.43" 0.01
Tadpole sculpin 6.85* 9.83* 0.01
Rex sole 2.11 21.44" 2.11
Saffron cod 6.44 6.44 6.44
*p<001 |*p <0.001 ** < 0.0001
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Table 1-27. Results of Tukey unequal N HSD test for fish abundances found to be significantly different in two-way ANOVAS; p
values from all combinations of location (Ch = Chiniak Bay, Ka = Kachemak Bay) and year (95 96). Fishes are in
order of decreasing abundance.

Fish ChS5 = Ch96 Ka96 - Ka%6 Ch 95 - Ka 95 ChS6 - Ka96 Ch95 - Ka96 Ch96 - Ka9s

Rock sole 0.584 0.884 <0.0001 <0.0001 ~0.0001 ~0.0001

Walleye pollock 0.781 0.876 <0.0001 co.01 <0.001 <0.001

Pacific halibut 0.059 0.985 <0.0001 <0.001 ~0.0001 <0.001

Myoxocephalus spp. 0.999 | 1.000 <0.0001 | <0.0001 | ~0.0000 | -~0.0001

| Pacific cod | 0.568 0.045 | 0.31 | <0.0001 | <0001 | 0.016

Arrowtooth flounder 0.337 0.956 <0.001 0.381 co.01 0.143

Yellowfin sole 0.822 0.996 co.01 <0.001 co.01 <0.001

Sawback poacher <0.0001 0.841 <0.0001 0.719 ~0.0001 0.996

Gymnocanthus spp. 0.981 1.000 <0.001 <0.0001 <0.001 ~0.0001

Sturgeon poacher co.01 1.000 <0.0001 <0.0001 ~0.0001 ~0.0001

Snake prickleback <0.0001 1 .000 0.794 <0.0001 0.795 ~0.0001

Northern sculpin 0.801 0.638 0.129 0.275 0.805 0.014

Spinycheek starsnout 0.957 0.118 0.509 <0.001 co.01 0.251

Shortfin eelpout 0.618 0.102 0.045 c0.01 <0.0001 0.557

slim sculpin | 0.974 0.292 0.13 <0.001 | <o0.001 0.056

Spinyhead sculpin 0.938 0.064 0.237 <0.01 ~0.001 0.602

Northern ronquil 0.999 1 .000 0.012 0.016 0.023 0.011

Tadpole sculpin 0.279 0.265 0.118 0.131 <0.001 0.984

Rex sole 1.000 0.191 0.104 c0.001 ~0.001 0.123




Table 1-28. Results of two-way ANCOVASs, using physical variables (depth, temperature, salinity, % gravel, %
sand, % mud, organic matter, carbonate) as covariates, comparing fish abundances between
locations (Chiniak Bay and Kachemak Bay) and years (I 995 and 1996). Number of stations used
for calculations includes only stations where the species was collected. F values for location, year
and their interaction with level of significance are indicated. Multiple regression results from
same data, including variables that are significant parameters. D = depth, T = temperature, S =
salinity, Sed = sediment (% gravel, % sand, % mud), 0 = organic matter, C = carbonate.

Dashes (-) denote comparisons that could not be made because the species was not collected in
at a particular location and time.
ANCOVA F Value Multiple Regression

Fish # Stations Year Location Loc x Year FValue |R? |Variable

Rock sole 110 4.26* 1.98 1.39 4.66"" 028 (D, T,0C

Walleye pollock 96 141 |.55 0.17 I.34 0.12 D

Pacific  halibut 82 149 1 021 173|253 0.23 .

Myoxocephalus spp. 93 0.68 0.88 0.00 1.88 0.16 D, S

Pacific  cod 84 2.39 0.01 | .42 2.63" 0.24 D

Arrowtooth flounder 77 0.27 2.71 0.38 181 0.19 .

Yellowfin ~ sole 84 0.26 0.9 011 292*  [0.26 D

Sawback poacher 37 0.01 0.01 0.78 0.23 -

Gymnocanthus  Spp. 48 0.06 2.13 0.01 1.32 0.25 0

Sturgeon poacher 67 0.28 0.2 1.78 .79 0.22 S

Snake prickleback 76 9.01* |.86 7.40** 2.86™ 0.28 Sed

Spinycheek starsnout 83 6.06* | 504" 1.09 11.43 1015 I« |

| Shortfin eelpout 50 4,95 1.82 001 l0.97 l0.18 s, 0 |

| sim sculpin 38 585  7.73* 354  |328*  |054 | - |

Spinyhead sculpin 47 0.08 3.69 0.45 0.88 0.19 0

Rex sole 32 0.61 |.29 0.39

11<0.05 [*p<0.01| ***p<0.0001
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Table I-29. Results of Tukey unequal N HSD test using physical variables (depth, temperature, salinity, % gravel, % sand, %
mud, organic matter, carbonate) as covariates, comparing fish abundances among locations (Chiniak Bay, Kodiak
Island and Kachemak Bay, Lower Cook Inlet) and years (1995 and 1996). Only those stations where the species was
present are included in analysis. Dashes (-) denote comparisons that could not be made because the species was
not collected at a particular location and time.
Fish Ch95 - Ch96 Ka95 - Ka96 Ch 95 -Ka 95 Ch96 - Ka96 Ch35 - Ka9b Ch96 - Kag5
Rock sole 0.522 0.739 <0.001 <0.001 <0.001 <0.001
Walleye pollock 0.999 1.000 0.119 0.048 0.064 0.095
Pacific halibut 0.041 0.631 <0.001 0.102 <0.001 <0.01
Myoxocephalus spp. 0.988 0.981 0.195 0.5¢3 0.277 0.471
Pacific cod . 0.924 0.550 0.499 0.091 0.171 0.211
Arrowtooth flounder 0.942 0.858 <0.001 0.019 <0.01 <0.01
Yellowfin sole 0.998 0.936 0.669 0.968 0.984 0.595
Sawback poacher - 0.981 0.993 - 0.417 -
Gymnocanthus spp. 0.971 0.764 0.991 0.210 0.297 0.971
Sturgeon poacher 0.570 0.976 0.31 0.039 0.149 0.100
Snake prickleback <0.001 0.987 0.854 0.010 0.727 <0.001
Spinycheek starsnout 0.800 0.076 0.861 0.999 0.777 0.421
Shortfin eelpout 0.611 0.045 0.991 0.952 0.825 0.154
Slim  sculpin 0.996 0.058 0.948 0.866 0.224 1 .000
Spinyhead sculpin 1.000 0.864 0.969 0.864 0.814 0.935
Rex sole 0.559 0.000

e ——— |
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Table 1-30.

retained  significant

an asterisk (*)

differences in abundance between cruises when physical

variables  were

For the stations at which the species were found (# stations) in each of the four cruises, LOG mean number of fish, LOG mean

number of fish adjusted for the covariates, and mean values for each of the physical variable used as covariates. Species which

included as covariates are marked with

Log
Year [ocation # Stations Log #Fish| Adjusted |Depth [Temperature $alinity % Gravel l/: Sand P Mud [Organic | Carbonate
#Fish
*Raock sole
1995 Chiniak 38 1.775 1.358 18.1 9.15 31.84 3.59 4993 | 4649 | 258 219
1996 Chiniak 36 1.953 1.849 17.9 10.15 32.06 4.53 71.10 | 2437 | 2.60 2.21
1995 |Kachemak 16 0.919 1.196 25.3 9.23 30.96 25.69 42.02 13229 | 4.25 16.06
1996 (Kachemak 17 1.124 1.367 26.8 9.52 31.35 0.76 5561 | 4363 | 3.73 16.18
Walleye pollock
1995 Chiniak 34 1.281 0.992 259 8.70 32.04 4.41 45.77 | 49.82 | 3.01 1.88
1996 Chiniak 26 1.308 1.353 30.1 9.93 32.07 4.70 52,63 | 4267 | 3.08 213
1995 |Kachemak 14 0.674 0.701 37.3 8.96 31.18 15.85 52.74 | 3142 | 4.06 14.23
1996 |Kachemak 18 0.703 0.921 49.8 9.32 3143 4.45 5622 | 39.33 | 345 11.93
*Pacific halibut
1995 Chiniak 31 1.434 1.210 13.4 9.33 31.79 2.80 55.89 | 41.32 2.36 2.78
1996 Chiniak 26 1.119 0.774 12.8 10.29 32.06 6.13 81.94 | 11.92 2.36 2.27
1995 [Kachemak 12 0.504 0.906 55.7 8.65 31.27 0.69 70.12 | 29.19 381 6.91
1996 ([Kachemak 11 0.713 0.881 31.5 9.47 31.32 1.04 49.42 | 49.53 3.12 19.27
Myoxocephalus spp.
1995 | Chiniak 36 0.964 0.742 18.3 9.14 31.85 3.73 49.67 | 46.59 2.70 2.48
1996 Chiniak 33 0.925 0.605 20.5 10.10 32.07 4.82 51.81 } 33.37 2.89 2.06
1995 ([Kachemak 14 0.566 0.943 38.1 8.74 30.80 17.03 30.36 | 52.61 4.75 8.39
1996 |[Kachemak 10 0.648 0.814 33.2 9.36 31.22 1.05 52.10 | 46.85 4.05 1.77
Pacific cod
1995 Chiniak 26 1.220 1.053 14.6 9.17 31.90 421 54.25 | 41.54 2.29 2.43
1996 Chiniak 28 1.317 0.918 13.0 10.27 32.07 5.67 80.15 | 14.19 2.37 2.08
1995 ([Kachemak 24 0.967 1.297 41.6 8.86 31.04 17.50 45.02 37.48 4.22 11.72
1996 |Kachemak 6 0.525 0.759 48.0 9.29 31.50 20.78 66.34 12.88 | 4.51 19.50
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Table 1-30. Continued. ]
Log
Year | Location | #Stations |Log #Fish| Adjusted |Depth|Temperature|Salinity|% Gravel|{% Sand|% Mud]Organic| Carbonate
#Fish
*Amrowtooth flounder
1995 Chiniak 24 1.067 1.019 36.2 8.28 32.06 6.27 3184 [ 6190 3.22 1.84
1996 Chiniak 17 0.994 1.034 39.1 9.56 32.07 6.25 4471 | 49.03 | 3.29 2.44
1995 [Kachemak 18 0.488 0.467 58.7 8.64 31.27 4.92 47.46 | 47 .61 428 9.52
1996 |Kachemak 16 0.592 0.621 56.5 9.24 31.55 8.56 45.98 | 45.46 3.87 9.92
T
Yellowfin sole
1995 Chiniak 29 0.772 0.577 18.4 9.22 31.77 4.47 53.73 | 41.80 2.78 1.88
1996 Chiniak 30 0.790 0.689 23.9 9.98 32.07 0.57 59.59 | 39.84 3.08 1.74
1995 |Kachemak 14 0.598 0.781 30.1 9.12 31.14 15.60 48.00 | 36.41 4.42 13.43
1996 |Kachemak. 9 0.706 0.819 27.2 9.36 31.48 0.93 45.26 | 53.82 4.00 9.78
Sawback poacher
1995 Chiniak 25 0.729 - 20.2 8.45 31.94 3.67 5320 | 4312 | 245 2.18
1996 Chiniak 0 0.000 - - - - - - - -
1995 |Kachemak 1 0.593 - 30.0 8.82 31.32 38.59 39.21 {2220 3.30 3943
1996 |Kachemak 6 0.399 - 52.8 9.21 31.51 7.28 33.03 | 59.69 | 4.27 7.16
Gymnocanthus spp.
1995 Chiniak 20 0.744 0.284 15.2 9.15 31.88 5.55 61.99 | 32.46 2.21 3.17
1996 Chiniak 19 0.801 0.381 12.3 10.33 32.08 2.37 79.55 | 18.07 2.56 2.19
1995 [Kachemak 2 0.630 0.854 35.5 8.69 31.24 0.98 57.93 | 41.09 3.81 2.12
1996 |Kachemak 4 0.250 0.905 39.0 9.41 31.51 0.18 72.40 | 27.42 3.82 25.72
Sturgeon poacher
1995 Chiniak 25 0.605 0.365 25.3 8.66 32.04 5.45 37.35 | 57.19 2.84 1.82
1996 Chiniak 31 0.712 0.446 21.2 10.06 32.06 0.90 68.25 |[30.85 2.81 1.90
1995 [Kachemak 5 0.298 0.626 56.2 8.80 31.30 2.32 55.72 [ 41.96 4.06 8.80
1996 |[Kachemak 5 0.225 0.403 56.0 9.05 31.51 0.16 74.38 | 25.46 4.30 5.01
*Snake prickleback
1995 | Chiniak | 23 0.592 0.641 20.7 8.91 32.01 3.66 47.58 |48.76 2.84 2.81
1996 Chiniak 27 1.406 1.520 18.6 10.26 32.06 4.98 67.09 | 27.93 2.57 2.09
1995 |[Kachemak 9 0.726 0.604 42.8 8.76 31.26 7.62 43.31 |49.07 4.47 12.37
1996 |Kachema._ Kk 10 0.790 0.749 28.4 9.46 31.48 0.17 81.19 | 18.64 4.13 20.82
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Table 1-30. Continued,
Log
Year | Location | # Stations |Log #Fish| Adjusted |Depth|Temperature|Salinity|% Gravel|% Sand|% Mud|Organic| Carbonate
#Fish
Spinycheek starsnout
1995 | Chiniak 15 0.710 1.012 441 8.09 32.14 4.74 29.95 | 6531 | 3.73 1.74
1996 | Chiniak 9 0.878 1.256 52.7 9.13 32.10 1.06 2737 | 71.57 | 4.27 2.52
1995 |Kachemak 31 0.594 0.124 73.0 8.41 31.29 1.56 4684 | 5161 | 4.14 6.15
1996 |Kachemak 30 0.850 0.640 - 67.5 9.1 31.54 9.98 55.44 | 3458 | 450 7.33
Shortfin eelpout
1995 [ Chiniak 3 0.878 0.893 64.0 7.68 32.07 4.88 55.33 | 29.80| 4.74 1.39
1996 | Chiniak 6 1.332 1.550 59.8 8.86 32.10 0.09 30.53 |69.38| 4.45 2.20
1995 |Kachemak 20 0.769 0.558 85.8 7.97 31.23 1.10 22.85 [ 76.06 | 5.10 4.01
1996 |Kachemak 20 1.194 1.173 80.7 8.98 31.43 7.02 59.24 | 33.74 | 5.07 6.24
5lim sculpin
1995 | Chiniak 4 0.471 1.205 51.8 7.68 32.14 0.70 23.10 | 76.20 | 3.29 2.70
1996 | Chiniak 1 0.563 1.491 57.0 9.42 32.06 0.06 4295 | 56.99 | 355 2.34
1995 |Kachemak 15 0.584 -0.678 56.5 8.64 31.29 4.77 57.38 [ 37.85| 3.77 9.40
1996 |Kachemak 14 0.887 0.487 64.1 : 9.17 31.58 | 1229 | 56.58 | 31.14 | 3.92 8.31
Spinyhead sculpin
1995 | Chiniak 4 0.387 0.009 61.8 7.60 32.10 3.77 50.93 | 4530 | 4.39 1.48
1996 | Chiniak 7 0.388 0.047 59.4 8.92 32.10 0.11 23.08 | 76.81 | 458 2.15
1995 |Kachemak 13 0.476 0.958 80.9 8.13 31.27 0.90 35.18 | 6392 | 4.36 4.48
1996 |Kachemak 19 0.561 0.798 74.4 9.05 3150 | 1314 | 56.77 | 30.10 | 4.82 7.68
Rex sole
1995 |Kachemak 11 0.412 0.301 62.9 8.57 31.26 0.69 54.86 [ 4445 | 4.05 6.14
1996 |Kachemak 15 0.496 0.607 59.1 9.18 31.56 9.90 58.40 | 31.71 | 3.95 6.80




Table I-31. Proportional IRI of the prey taxa consumed by predator species at Cl9401 CS#37.
Rows of summation data are in bold font.

Arrowtooth Flathead Pacific Yellowfin Rock
flounder sole halibut sole sole
N fish examined (empty) 15(0) 2(1) 11(0) 38(3) 4(0)
Total length (mm) of fish * stdev 68.1+4146  217.5t64 752491 87.1+85 220.3+23.5
Total N prey 51 6 77 205 26
Total weight prey (mg) 466 265 347 1940 1036
Total prey taxa 100.0 100.0 100.0 100.0 100.0
Total Protlsta  (Foraminiferida) 0.3
Total Polychaeta 1.1 0.6 28.2 5.1
Polychaete  fragments 11 0.6 3.2 31
Unid. Scaleworm 0.2
Stemaspis scutata 24.7
Lumbrineris sp. 2.0
Total Bivalvia 100.0 45.3 67.1
Unid. Bivalve siphons 3.1 44.8
Unid. Bivalve 1.3
Myasp. 22.3
Nucula tenuis 0.2
Nuculana fossa 0.1
Yoldia  sp. co.l
Yoldia scissura la 81.8 0.2
Serripes groenlandicus 18.2
Siliqua sp. 0.4
Lucinoma annulata 0.3
Adontorhyna cyclia co.l
Axinopsida spp. 18.2
Clinocardium sp. 0.3
Veneroida 0.1
Lyonsia sp. 20.8
Total Copepoda (Calanoid) 1.7
Total Mysidae 80.5 3.7 0.3
Unid.  Mysidae 55.2 3.7 0.1
Acanthomysis spp. 25.3 0.2
Total Cumacea 0.6
Unid. Cumacea 0.3
Diastylis  alaskensis 0.4
Total Amphipada 3.7 13 2.2 27.7
Unid. Amphipoda 3.1 0.4 1.5 0.9
Protomediae sp. 0.4 26.8
Byblis  sp. 0.6 0.8 0.1
Monoculodes sp. 0.2
Total Decapoda 8.7 94.5 3.1
Crangonidae 3.1 1o 0.5
Hippolytidae 5.6 93.2 0.1
Hermit crab  (Paguridae) 0.3 2.5
Crab  fragments co.l
Total Bryozoa (fragments) 0.2
Total ~ Ophiuridae 18.3
Unid. Ophiuridae co.l
Ophiura sp. 18.3
Total Teleostei (Rock sole) 6.0
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Table 1-33. Similarity between the taxonomic compositions of predator diets and benthic
fauna; these calculations consider prey taxa at the level of family.

Flathead

Pacific

Y eliowfin

) Rock sole  Benthos
sole halibut sole
Arrowtooth flounder 0.0 14.2 6.7 4.8 3.8
Flathead sole 0.0 45.3 67.1 55.0
Pacific halibut 5.3 1.8 1.8
Yellowfin sole 52.6 67.9
Rock sole 62.8

Table {-34. Similarity between the taxonomic compositions of predator diets and benthic
fauna; these calculations consider prey taxa at the lowest taxonomic level

(species level whenever possible).
Flathead Pa(_:ific Yellowfin Rock sole | Benthos
sole halibut sole
Arrowtooth flounder 0.0 11.9 35 2.0 1.7
Flathead sole 0.0 0.2 0.0 10.7
Pagifit: halibut 2.1 1.0 1.0
Yellowfin sole 7.5 35.4
Rock sole 16.2
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Figure I-l. Collectionsfor present research were from Kachemak Bay in lower Cook Inlet, Izhut
Bay on south Afognak |dand and Chiniak Bay on northeast Kodiak Idand.
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Figure |-2. Depth contours and permanent transects sampled in Kachemak Bay (1994- 19%).
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Figure 1-3. Depth contours of Womens, Middle, Kasin and Isthmus Bays sampled within Chiniak
Bay, Kodiak |dand (1991-1996). The dashed line defines the Middle and Kalsin Bay
survey region (Dressel and Norcross, Chapter 3 in this report).
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Figure 1-4. Depth contours and consecutive Station sites examined in 1zhut Bay, Afognak
Idand (1995).
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Figure 1-5. Depth contours and permanent transects and stations sampled in Kachemak Bay
(19944996).
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C uster 1 2 3 4 5 6 7 8

Sediment M sM MS mS mg$S S smG G
N of stations 69 29 19 39 10 21 7 3
min%M 57.3 42.34 18.51 1.33 1.14 0.06 19.11 0.01
max%M 95.36 65.63 42.1 30.35 32.64 8.97 35.62 7.68
min%$S 435 31.53 51.38 69.56 47.63 90.92 21.59 19.53
max%S 42.67 54.08 67.55 88.34 63.32 99.37 39.95 28.3
Dsscripion  mud and  sandy  mud/sand  muddy mixed >90% sand >25% >65%
mixed mud sand sand gravel gravel
mud

Figure 1-6. Cluster analysis with eight station separations by percent mud and sand for all data
combined. Below the cluster is a list of cluster code, frequency of stations, minimum and
maximum percentages of mud and sand. Sediment clusters are in order of increasing grain

size. Descriptions explain the composition within each cluster, and codes are assigned based
on a modified Folk (1980) scale.
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Figure 7. Mean CPUE/1000 m’ of flathead sole and rock sole by eight sediment
clusters for all seasons and years combined. Standard error bars are
shown above the mean. Sediments on the x-axis are listed in order of
increasing mean grain size.
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Flathead sole age-0 (N=726)
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Figure )-8, Mean CPUE/1000 m? of flathead sole and rock sole by 10 m depth increments for all seasons and years combined. Standard error bars are shown above

the mean.
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Rock sole age-0 {({N=340)
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Distribution of rock sole age-0 by 10 m depth increments and seasons (N = total
number rock sole age-0 caught that season). Standard error bars are shown above the
mean, and are absent at stations which were sampled only once. Stations deeper than
70 m were not sampled (NS) in September 1994. No rock sole age-0 were caught in
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Figure 1-10. Permanent Stations and transects sampled in Kachemak Ray, Alaska Surface gyres

taken from Trasky et al. (1977).
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Figure I-1 1. Bottom temperature (“C) at stations MC20 and
KS 100. Linear regression is a dashed line. Data
were measured continuoudy from 27 February
to 12 August 1996 using StowAway
temperature loggers.
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Figure 1-12. Temperature profiles from KS10 to KS100. In September 1994, the deepest station was at 70 m. Total
distance dong the x-axisis 5.5 km, and triangles mark stations with CTD data. Integers of temperature

vaue are circled, and other isotherms are in increments of 0.2°C.
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Figure |- 13. Temperature profiles from MC 10 to BP30. In September 1994, the deepest station was at 70 m. Tota
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Figure |-14. Temperature profiles from CP05 to HS10. These transects were not sampled in September 1994, and the
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isotherms are in increments of 0.2°C.
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Figure I-15.  Flathead sole length frequency histograms <160 mm total length.
N = number of fish plotted. The 1994 year class is shaded gray,
the 1995 year class is white, and in the final two plots the 1996
year class is black.
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Figure |-16. Rock sole length frequency histograms < 160 mm total
length. N = total number of fish plotted. The 1994 vyear-class
is shaded grey, the 1995 year-class is white, and in the final
two graphs the 1996 vyear-class is black.
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Figure 1-17. Flathead sole growth
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Figure |-18. Rock sole growth
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Figure H 7 (flathead sole) and Figure I-18 (rock sole).
Mean total length (mm) # one standard deviation at each sampling period.
YC = year class.
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Figure 1-19. Sample ste locations in Kasin and Middle Bays from 1991 to 1994
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Figure 1-20. Samplestelocationsin Kalsin and Middle Baysin 1995.
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Figure 1-2 1. Rock sole 1996 digtribution and monitoring sites. Dark lines indicate depth contours. Shaded contours indicate
relative fish densty on a logarithmic scde (darker shading indicates denser fish distribution).
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Figure 1-22. Pacific haibut 1996 distribution and monitoring stes. Dark lines indicate depth contours. Shaded contours indicate

relative fish dengty on a logarithmic scae (darker shading indicates denser fish digtribution).
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Figure 1-23. Flathead sole 1996 distribution and monitoring sites. Dark lines indicate depth contours. Shaded contours indicate
relative fish dengty on a logarithmic scde(darker shading indicates denser fish digtribution).
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Figure 1-24. Yellowfin sole 1996 distribution and monitoring sites. Dark lines indicate depth contours. Shaded contours indicate

relative fish dengty on alogarithmic scae (darker shading indicates denser fish distribution).




Figure 1-25. Sample Stelocationsin Kalsin and Middle Baysin 1996.
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Figure 1-26. Nine permanent sample site locations in Kalsin and Middle Bays, 1991-1996.
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Figure |-27.

Mean annual CPUE (number of fish per 1000 mz) with standard error bars for rock sole, Pacific halibut, flathead sole and yellowfin

sole over (a) the nine permanent sites, (b) all sites and (c) all sites in the habitat selected to monitor the individual species.
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Figure 1-28 (Chiniak Bay) and Figure I-29 (Kachemak Bay). Tree diagrams for 27
variables, Ward’s method using Euclidean distances.
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Figure i-30. Proportional importance of taxa within juvenile flatfish diets and within the

benthos, at Cl9401 CS#37.
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The Department of the Interior Mission

As the Nation's principal conservation agency, the Deparment of thr Interior has responsibility
for most of our nationally owned public lands and natural resources. This includes fostering
sound use of our land and water resourcea; protecting our fish, wildlife, and biological diversity;
preserving the environmental and cultural vaues  of our national parka and historical places;

and providing for tha enjoyment of Ife through outdoor recreation. The Department assesses our
energy and mineral resources and works to ensure that their development is in the best interests
of all our people by encouraging stewardship and citizen participation in their care. The
Department also has a major responsibility for American Indian resenation communities and far
people who e in island territories undar U.S. administraion.

The Minerals Management Service Mission

As a bureau of the Department of the Interior,  the Minerals Management Service’s (MMS) primary
responsibilities are to manage the mineral resources located on the Nation's Outer Continental
Shelf (OCS). collect revenue from the Federal OCS and onshore Federal and Indian lands, and
distribute those revenues.

Moreover, in working to meet its responsibilities, the Offshore Minerals Management Program
administers the OCS cornpetitiva leasing program and oversees the safe and environmentally
sound exploration and production of our Nation’s offshore natural gas, oil and other mineral
resources. The MMS Royalty Management Program meets its responsibilities by ensuring the
efficient, timely and accurate collection and disbursement of revenue from mineral leasing and
production due to Indian tribes and allottees, States and the U.S. Treasury.

The MMS strives to fulfill its rasponsibilitiss through the general qudng  principles of. (1) being
responsive to the public’s concerns and interests by maintaining a dialogue with all potentially
affected parties and carrying out its programs with an emphasis on working to enhance the
quality of life for all Americans by lending MMS assistance and expertise to economic



